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INTRODUCTION

Microsoft Excd for PC and Apple Macintosh.

Microsoft Excdl is part of the Microsoft Office software package (usudly consisting of
Microsoft Word, Microsoft Excel and Microsoft Power Point). The Microsoft Office
software is available for PC and Apple Macintosh machines. This guide is written for the PC
using Microsoft Excd 97 running in Microsoft Windows 98.

It is gppreciated that some Physics departments work with Apple Macintosh machines.
There are three minor differences between Microsoft Excel for PC and Microsoft Excel for
Apple Macintosh.

1 The formeatting windows displayed by Excd for PC vary dightly from those
displayed by Excd for Apple Macintosh. Although each window is arranged dightly
differently, it will digolay the same range of options.

2. When the Control key is used on the PC, the Apple key is used on the Apple
Macintosh.

3. When formatting fonts on the PC version, the True Type symbol appears beside
True Type fonts. This does not gppear on the Apple Macintosh version.

Summary of the Guideto Excel
This Guide to Excd isdivided into 5 sections.

Entering and analysing data
Plotting a chart

Editing a chart

Handling uncertainties
Congtructing Formulae

s owdE

The firgt three sections of this guide lead the user through the steps required to process a set
of datafrom the Higher Physics experiment, Light intengty and distance. The user begins
with aset of raw data and is taken through the processes of entering and analysing the data,
plotting, and editing the chart, to produce a chart of I/lux against (1/d?)/cmi? suitable for
incluson in an Outcome 3 report.

The fourth section uses a set of data from the Higher Physics experiment, Half-vaue
thickness of lead for gammaradiation. The user is taken through the steps required to use
Excd to cdculate gpproximate random uncertainties, percentage uncertainties, absolute
uncertainties and the plotting of error bars (amed specificaly a Advanced Higher students).

The fifth and find section takes the user through the most commonly used arithmetical

operators and functions required to create formulae for incluson within Excel spreadshests.
These operators and functions include trigonometric and logarithmic functions.
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This guide has been written on the assumption that the user has a very basic knowledge of
poreadsheets. Thefirg three sections will take a novice approximately 30 minutes to
complete. With alittle practice the user should be able produce a chart suitable for incluson
in an Outcome 3 report in about 5 minutes.

Using Microsoft Excel within Outcome 3 reports.

At present, students are not required to submit typed Outcome 3 reports. Students may use
Excd (or any other suitable data andysis software) when tackling Outcome 3 but there are
two criteriato which they must adhere.

1. The student must not be given a spreadsheet with pre-prepared column headings
nor formulag, asthey are being assessed on thelr ability to enter quantities and units
into atable.

2. The chart plotted must not have a best-fit line entered by the computer. Asthe
student is being assessed on his or her ability to draw abest-fit line, any charts
produced using Excel (or other suitable data andlysis software) must have a best-fit
line hand-drawn by the student.

At Advanced Higher Physics, Excd may be used to analyse large amounts of experimentd
data, and allows the student to plot error bars charts.
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ENTERING AND ANALYSING DATA

Entering the independent variable
When Excd is opened thisis what will be seen.

}SB File Edit “ew Insert Format Tools Data ‘Window Help
DEHE ey | saRd v-~ &= A 2l 3 )
JTimesNewRDman =10 5| B I g|§§§|§% . +°3+03i£§£§|—
Al | =
& JTE e e E T E s e
1 L ]
2
3
4

The independent variable (what was changed) should dways be placed into the first column
(column A). This ensures that the independent variable will be plotted on the x-axis. The
dependent variable (what was measured) should aways be placed into the second column
(column B). This ensures that the dependant variable will be plotted on the y-axis.

Entering a column heading
The independent varigble in this experiment was the distance of the light sensor from the
lamp, measured in cm. The column heading is entered into the spreadsheet using the

following seps.

1 Use the mouseto click on cell Al (shown in the above diagram). To check that the
correct cell has been sdlected, look at the Name box (the white box above the grey
A cdl) and it should read Al.

2. Type in Distance from lamp/cm. The text will appear in the FormulaBar (to the
right-hand side of the equd sign).

3. Press the Return key when thisis done.

Entering data

1 Click the mouse on cdll A2. Typein thefirst number i.e. 25.

2. Press the Return key. The cursor will move down to cel A3, into which the number
30 istyped.

3. Continue with this until al of the data for distance has been input.

The spreadsheet will now ook like this.
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A | 8B [ ¢ | D
Digtance from lampdom
25
30
40
50
alll
7l

P == e g o R TR N

Changing the column heading style.
The column heading istoo large for the column. There are two ways to solve this problem.

1. Change the column width to fit the text width — useful for spreadsheets with few
columns.

2. Change the text width to fit the column width - useful for sporeadshests with many
columns.

Changing the column width to fit the text width.

1 Move the mouse cursor to the boundary between the grey A cdll and the grey B
cdl. The cursor will change from awhite cross to a black cross with arrowheads on
the horizonta bar.

2. Double dick the mouse and the column width will autometicaly change to fit the
width of the text.

The spreadsheet will now ook like this.
A | I |

Distance from lampdem
25
30
40
50
&l
7l
|

Q2|3 || = LD B —

3. Go to Edit on the Menu bar.
4, Click on Undo and the screen will go back to the way it was.

Should the finished soreadsheet contain alarge number of columns, this type of formatting

will result in a very wide spreadsheet that does not eedily fit onto an A4 page. It should only
be used in spreadsheets with a small number of columns.
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Changing the text width to fit the column width.

1 Click onthegrey A cdl.

2. Go to Format on the Menu bar.

3. Click on Cdlls.

4, Click on Alignment and the Format Cells window will appeer.

Format Cells EHE
Murnber .':'.|II;|I'|I'I'|EI'||: Fonk I Border i Patterns | Prakection I
Texk alignment —orienkakion
Horizonkal: Indent: + -
lGeneraI j IU ﬂ *
T :
Yerticals B teur —
x :
lBu:uttu:um _j k .
+
Texk control +
r Wirap bexk
I shrink ta fit [ = pearees
[ Merge cells
| o] 4 I Cancel I

o

In the Horizontal cdll, pull down the menu and sdlect Centre.

Inthe Verticd cdl, pull down the menu and sdect Top.

7. In the Text control options, click on Wrap text, and asmdl tick will appear in the
box.

8. Click on OK and the spreadshest will look like this.

& et e I &

Distance

o

from
lattpfem
25
30
40
50
al
70

This style of column heading is very useful where the spreadsheet has alarge number of
columns and may have to be imported into a word document, such as an Outcome 3 report.
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Entering the dependent variable.
The dependent variable in this experiment was the Intengity of light measured in lux.

N AWDNE

Use the mouse to select cell B1.

Typein the heading, Intengty of light/lux.

Adjust the text width to fit the column width, usng the previous method.
Sdect cdl B2.

Typein thefirg column of light intengities, beginning with 554.

Sdect cdl C1 and enter the column heading Intensity of light/lux.

Adjugt the text width to fit the column width.

Enter the second column of data beginning at cell C2 with 556.

The spreadsheet will now look like this.

0 EE e
Distance | Intensity | [ntensity
from of of
lampfem | lightMox | lghtlox
25 554 556
30 381 383
40 232 234
50 152 154
éll 110 114
7l a1 T3

OO0 O T e L R —

Entering an Excd function.

The Average Function.

In order to calculate the average Intensity of light, the average function may be used. An
equa sgn must be used before every function and formulato tell Excd that it must perform a

cdculation.

1. Sdect cdl D1, and enter the heading Average intengty of light/lux.

2. Adjugt the text width to fit the column width.

3. Sdect cdl D2.

4. Type =average(

5. Click onto cell B2, hold down the mouse, and drag the mouse over to cell C2.

6. B2 and C2 will now have a moving dotted border, and the formulawill now read
—average(B2:C2

7. Close the bracket to give =average(B2:C2) and the moving border will disappear.

8. Press the Return key and the answer 555 will appear in cdl D2. Whenever cdll D2

is selected, the function will be shown in the Formula bar (to the right-hand side of
the equa sgn).
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Copying acell.
There are two ways to copy cells, depending on where the information isto be placed.

Copying a cell to a non-adjacent cell.
To copy the average function in cell D2 to cdl D7, follow these ingtructions.

~AwbdE

o o

Sdlect cdl D2.

Go to Edit on the Menu bar.

Choose Copy. The cdl will now have amoving dotted border.

Sdect the cdl where the information isto be placed i.e. cdll D7. The cell now hasa
grey border.

Go to Edit on the Menu bar.

Choose Paste.

The information from cell D2 will be pasted into cell D7 and the answer 80 will

Copying a cell to adjacent cells.
To copy the average function in cell D2 to cells D3 to D7, follow these ingtructions.

1.
2.

Sdlect cdl D2.

Move the cursor to the bottom right hand corner of the cdll and the cursor will
change from awhite crossto ablack cross.

Once the cursor has changed, hold down the mouse button and drag down the
screen until cells D3 to D7 are edged in grey.

Release the mouse button. The answers will gppear in each of the cdlls, and the
cursor will change back to awhite cross.

The spreadsheet will now ook like this.
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Inserting a column.
The relationship between light intensity and distanceis an inverse square relaionship.

Intengty of light f ——
v g “distancez

1/cf is calculated from the independent variable. When plotting agraph (known as a Chart
in Excd), the independent variable (or any data resulting from its use) should dways be
placed to the left-hand side of the data for the dependant variable. It will be necessary to
ingert a column between columns A and B.

Click on the grey B cdll. The whole of column B will now be highlighted.

Go to Insert on the Menu bar.

Click on Columns.

An empty column will have been inserted between the former columns A and B.
The new column will have become column B and the former columns B, C, and D
will have been shifted one letter to the right.

> owbdNpE

The spreadshest will now look like this,

o E e e e
Distance Intensity | Intensity | Average
frosm of of ititenzity
lamgp/em lightfhar | light/hox of
1 light/Tu
2 25 554 556 555
3 30 381 385 383
4 40 232 234 233
4] 50 152 154 153
4] a0 110 114 112
7 70 81 T3 &0
g
)

Entering aformulain the column heading.
The formula 1/c and unit cmi? are to be used as the column B heading. The column heading

will beinput as (1/d?)/cm The brackets around the term 1/d? are there to make the heading
more legible, as 1/d2/cm~ is not very clear.

1 Sdlect cdll B1.

2. Typein (1/d2)/cm-2

3. In the Formula bar, highlight the first number 2 using the cursor. The screen will look
likethis
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“ Times Mew Roman =0 =B I O | = l%
vl X o = (1/df/cm-2
A ¢ ["B | E
Distance 'Intensitj.r Intensity | &verage
from of of intensity
latnplfom lightfux | Lghtido of
1 123/ o2 light/ha
2 25 554 556 555
3 30 381 385 383
4 40 232 234 233
] 50 152 154 153
b &l 110 114 112
Fi 70 81 79 &0
]
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4. Go to Format on the Menu bar.

5. Choose Cdlls and the Format Cells window will appesar.

Format Cells EH
........... F .:,,-,tf l
Eonts Fonk style: Size:
ITimes Mevy Roman IReguIar |1EI
Hp Tahoma - g -
| Tempus Sans [TC i 9
Terminal Bold
I Times Mew Roman Bodmaic & 11 =
Underline: Color:
|N|:|ne j | Ao atic j ¥ tormal Font
Effects Previem
™ strikethrough
™ Superscript AaBhCe¥yZz
™ Subscript
This is a TrueType font, The same font will be used on bokh vour prinker
and wour screen.,
8] 4 I Cancel |

6. Click on Superscript and asmall tick will gppear beside the word.
7. Click on OK and the column heading will now reads (1/d)/cm-2, dthough it will not

have changed in the Formula bar.

8. In the Formula bar, highlight the —2 using the cursor.

0. Go to Format on the Menu bar.

10.  Choose Cdls and the Format Cells window will appesr.

11. Click on Superscript and asmall tick will gppear beside the word.
12.

have changed in the Formula bar.
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The spreadsheet will now ook like this.

A | B | © | D | E
Distance (lfd%fcm'g Intensity | Intensity | Average
from of of intensity
latnplfom light/hee | lghtoue of
1 light/hux
2 25 554 556 555
3 30 381 385 383
4 40 232 2434 233
5 50 152 154 153
b &l 110 114 112
i gl 81 79 &0
&
=,

Entering a formula.

Column B isto be used to caculate the value of 1/d? for each of the values of distancein
column A. In order to do this aformula must be entered into the column B cdlls. For
information on creating a formula see the section entitled Constructing formulae.

1.
2.

3.
4.

Sdect cdl B2.

Typein =1/(A2*2). The hat symbol (*) is entered by pressing the Shift key and the
number 6 key together. It means*® to the power of”.

Press the Return key and the answer of 0.0016 will appear in cell B2.

Copy the formulato cells B3 to B7 using the given method for copying acell to
adjacent cdls.

The spreadsheet will now ook like this.

A B | NE
Distanice (lfd:‘ﬁ.-‘cm'z Intensity | Intensity | Avwerage
from of of intensity
latnpom lightfhur | light/hax of
1 light/Tuz
2 25 0.0oLé 354 556 535
3 30 ooorinnl 381 385 383
4 40 0.000625 232 234 433
] 50 0.0004 152 154 153
2] &l 00002778 110 114 112
7 7l 0.0002041 a1 79 20
=]
9
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Formatting numbers.

The numbersin column B have arange of decima places. They may be expressed in
scientific notation by carrying out the following ingtructions.

1. Click on the grey B cdl to highlight the whole of column B.
2. Go to Format on the Menu bar.
3. Choose Cdlls. The Format Cells window will appear.
4, Click on the Number tab a the top of the window. The window will look like this.
Format Cells EH
Cakeqory: Sample
T |
Mumber
CUFrency
focounting imeneral format cells have no
Diate specific number Format,
Time
Percentage
Fraction
Scientific
Texk
Special
Cuskom _"_!

(] 4 I Cancel I

5. Go to the Category options and click on Scientific. Click the down arrow once to
change the number of decimd placesto 1.
6. Click on OK and the Spreadsheet will now look like this.

A B | i | E
Distanice I:lfd%fcm'g Intensity | Intensity | Average
from of of intensity
lattpfcim lightfux | Lghtiox of
1 Lght oz
2 25 1.6E-03 354 356 3535
3 30 1.1E-03 381 385 383
4 40 .3E-04 432 234 233
5 50 4.0E-04 152 154 153
2] &l 2.2E-04 110 114 112
b 70 2.0E-04 21 79 &l
g
e
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The E stlands for “times 10 to the power of”. If any of the data were very small it would be
possible to enter them into the spreadsheet using this notation for example, awavelength of
720 nm, would be input as 720E-09.

When Scientific Notation is used in the spreadshest, it becomes difficult to see any trendsin
the data. 1n the example being used, the trend becomes easier to spot if the cdlls are
formatted to show four decimd places. The cdls are formatted using the following
indructions.

Click on the grey B cdl to highlight the whole of column B.

Go to Format on the Menu bar.

Choose Cédlls and the Format Cells window will appesar.

Click on the Number tab at the top of the window.

Click on Number from the Category options.

Click the upwards arrow three times to change the number of decima placesto 4.
Click on OK and the spreadsheet will ook like this.

A | B | © | B | E
Distance [lfd%f-:m'g Intensity | Intensity | Average
from of of intensity
latnp/ o light/har | Light/hax of
light
25 0.0014 554 556 S5
30 0.0011 381 385 383
40 0.0006 232 234 233
a0 0.0004 152 154 153
a0 0.0003 110 114 112
7o 0.0002 51 79 20

Noaks~wbdrE

OO 00| ] | O e DT R —

It is now clear to seethat as (1/d?)/cmi? is doubled the Average intensity of light/lux
gpproximately doubles suggesting alinear relaionship.
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PLOTTING A CHART

Selecting data in non-adjacent columns

A chart of Average light intensity/lux againgt (1/df)/cmi? isto be plotted. The data for the
chart arein Column B and Column E.

1 Click onthegrey B cdl.
2. Hold down the Contral key (Ctrl) and use the mouse to click on the grey E cdll.
Apple Macintosh users should hold down the Apple key instead of the Control key.

The spreadsheet will now ook like this.

A BN ¢ | 0D
Distanice 8 [ntensity | Intensity | Average
from of of
latupicm light/hee | lghtu
1
Z 25 - 554 556
3 30 00011 381 385
4 40 00008 232 234
] 50 04 152 154
G ] 110 114
7 7l a1 79
]
9

Sdlecting the Chart Wizard.
The Chart Wizard must now be selected. There are two waysto do this.

1. Press the Chart Wizard Icon on the Menu bar, as shown below.

[0

OR

2. Go to Insert on the Menu bar and Sdlect Chart.

The Chart Wizard window will appear.
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Charnt Wizard - S5tep 1 of 4 - Chart Type

Standard Types I Cuskom Tvpes I

o BY (Soatter)

|‘ Area

Chart bype: Chart sub-type:
@ Doughrut

iy Radar Sl
| Surface i @

thi
i

% Eubble

[ﬁ;ﬁ_ Skock, ﬂ

Clustered Column, Compares values across
categories,

Press and hold to view sample I

Cancel i < Back i Mext = I Eirish |

Selecting the chart type

XY (Scatter) chart

1 Click on the Standard Types tab at the top of the Chart Wizard window.
2. Select XY (Scatter) from the Chart type options.
3. Sdlect the top left chart from the chart sub-type options.

The Chart Wizard window will now look like this.
Apple Macintosh users will find that the windows shown in this guide vary dightly from those

displayed by Excel for Apple Macintosh. Although each window is arranged dightly
differently, it will display the same range of options.
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Standard Types

Chart bype!

Chart Wizard - Step 1 of 4 - Chart Type

Cuskom Types I

Zhart sub-type:

M Calurmnn -
E Biar
|4 Line
Q@ Fie

IR - (Scatter)

|‘ Area

@ Doughnut

il Radar

| Surface G

%+ EBubble

[ﬁ;ﬁ Skack, j

X
a

Bratter. Compares pairs of values,

= |19

Press and hold to view sample |

Cancel i = Batk | Mext = I Fiish I

The Scatter Chart Type plots the data points but does not plot a best-fit line. Students must
hand draw the best-fit line in order to achieve Outcome 3. The Scatter with data points
connected by smoothed lines, chart type may be used for interim charts such as Average

intengity of light/lux againgt Distance/cm, but is not acceptable as the fina chart type. Notice
that for this chart the data points are joined.

Previewing the chart.

1 Click and hold the mouse on the “Press and Hold to view samplée’ button at the
bottom right-hand corner of the Chart Wizard window, and a sample chart will
appear.

2. Redeasing the mouse will return the Chart Wizard to the previous screen.
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Chart Wizard - Step 1 of 4 - Chart Type BEE

Standard Types | Cuskom Tvpes |

Chart bype: Sample:
M ':D'LIITII'I ; Ayerage inkensiky of lightdi:
e Bar
) 00
o Line .
( Fie 2
400 P
Y 500 FAvarige
intensity o
@ Doughnut 200 £ lightlux
@r Radar P
).l 100 =
(e Surface 5 B
% Eublble 000 00 00D 000 000
o0 05 10 15 20
e Stock v|
Gratter, Compares pairs of values.
| Press and hold bo visw sample I

Cancel | < Back | Mext = Einish |
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Sdlecting the chart source data
1 Press Next > and the Chart Source Data window will appear and look like this.

Chart Wizard - Step 2 of 4 - Chart Source Data [ 7] x|

Data Range I Seties I

Average inkensity of lightdlue

*

300 # Average inkensity of |ight|'|l.|

0o00o0 oopas 00010 00015 00020

Daka range: Sheetl!4B£1: 46410, Sheet 1 1EEE1:4EE10
Series in;: " Rows
£ Columns

Cancel I < Back I Mext = I Eirish I

2. Click the mouse onto the dot beside Columns until a black dot appears.
3. PressNext>

Selecting the chart options.
Thethird page of the Chart Wizard will appear and look like this.
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Chart Wizard - Step 3 of 4 - Chart Options

Chart kitle:
z : 3 Auerage inkensity of lightdlo:
I.ﬁ.verage inkensity of ightfho | et
z 00
Yalue (X) Axis ;
| 500
Yalue (¥ axis: 400 +
* Ayerage inkenzity o
I 300 lightilux
- L 3 *
Second category (4] axis 200
+*
+
| 100 +—
Second value (Y ) axis: ] . : :
I 0.0000 0.0005 0.0010 00015 0.0020

Zancel | < Back I Mexk = I Einish I

Changing the chart titles.

The Chart Titles window dlows the user to input the chart title, the x-axis label and the y-
axislabd.

Lo

Click on the Titles tab at the top of the Chart Wizard.

2. In the Chart Title cell, delete the contents and type in Variation of average light
intengity with (1/d2). The squared sign will be formatted at alater Stage.

3. Click inthe Vaue (X) Axiscdl and typein (1/d2)/cm-2. Thiswill be the x-axis
label and will be formatted a alater stage.

4, Click inthe Vaue(Y) Axis cdl and typein I/lux. Thiswill be the y-axislabd.

The Chart Wizard will now look like this.

Physics: Guide to Excel - Student material



Chart Wizard - Step 3 of 4 - Chart Options

Titles I Axes I aridlines I Legend I [raka Labels
Chart kitle:
Iage light intersity with 1/d2 Yariation of average light intensity with
11d2
Walue (%) Axis R0 z
[(11d2)fcm-2 500
: 400 -
Malue () axis: H P
= 300 # Average inkensiky
II,I'qu| e . Tight flux
-*
Second categaory (€] axis: 100 &
0 : - :
| 0.000 0000 0001 0001 0002
Second valus (Y} axis: o 5 0 = 0
I [11d2}lcm-2
Zancel I < Back I Mexk = I Einish I

Changing the chart axes.
These options are used to tell Excd to display the scale on the x-axis and the y-axis.

Click on the Axes tab at the top of the Chart Wizard.
Ensure that thereisatick in the Vaue (X) Axis box.
Ensure that thereisatick in the Vaue (Y) Axis box.
Check that the Chart Wizard looks like the one below.

AwbdpE

Tites | Axes | atidlines I Leqend I Data Labels I
rimary. axis
v Yalue (%) Axis Yariation of average light intensity with
& autome 11d2
r utomatic &00
= +*
Categary i
7 Time-scale
400 ¥
W i =
| r iEIlLIE I:"'II:I s r: F00 * Byerage intcnsityﬂ
00 +* lightilux
o
100 s
a T T T
0.000 0000 00071 Q001 0002
a 5 a 5 0
[(1id2)icm-2

Zancel < Back | Mext = I Finish
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Changing the chart gridlines
There are two types of gridlines on the Chart Wizard.

1 Mgor Gridlines
2. Minor Gridlines

For Example, ascae increasesin steps of 10 units with subdivisons every 5 units. If only
Mgor gridlines were chosen then there would be gridlines every 10 units. If Mgor and
Minor gridlines were chosen then there would be gridlines every 5 units. Mgor gridlines may
be used when the user istrying to find atrend, but if any information is to be read off the
chart then Minor gridlines must aso be shown. In this example Mgor and Minor gridlines
will be gpplied to both axes.

1 Click on the Gridlines tab a the top of the Chart Wizard and the following window
will appear.

Chart Wizard - Step 3 of 4 - Chart Options

—Walue () axis
[ Maijar gridines Yariation of average light intensity with
: i 1142
[ Minor gridlines e
*
: 500
alue () axis
¥ Major gridlines x o *
: e = = ——
I Minor aridines £4300 . * :-r::;s: Inttn;ltyﬂ
200 4
*
100 1—

*

0 T T T
0,000 0000 0001 0001 0002
0 ] 0 =] 0

(1d2)icm-2

Zancel | < Back I Mexk = I Einish I

2. Click the mouse on the box beside the Vaue(X) Axis Mgor gridlines.
3. Click the mouse on the box beside the Vaue(X) Axis Minor gridlines.
4, Click the mouse on the box beside the Vaue(Y) Axis Minor gridlines.

The Chart Wizard will now look like this.
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Titles | fies cridlines ILegend | Ciata Labels

alue (%) axis

v Maijar gridiines Yariation of average light intensity with
V¥ Minor gridlines A 11z
—Walue () axis G
¥ Major gridlines e
P Fi ardies) T
zo0
100

0
0000 0000 0001 o0 0002
a -] a -] 0

(1/d2) cm-2

Cancel | < Back | Mext = I Finish |

Changing the chart legend

The legend on achart issmilar to akey. It isused to distinguish between sets of datawhen
they are plotted on the same chart. At Higher there will be only one set of data per chart. It
is best therefore to remove the legend from the chart. At Intermediate 2 (and Standard
Grade), it would be possible to plot cooling curves for different substances on the one chart,
using alegend to distinguish between sets of data.

1 Click on the Legend tab at the top of the Chart Wizard. The Chart Wizard will ook
likethis.

¥ Show legend
i d Yariation of average light intensity with
—Placement 1142
" Botkom E00
£ arner =0a
" Top 400
B L]
g F'_\Ight =' F00 * Ayerage inkensiky u|
¥ Left T 200 lightilux
100
ol
0000 0000 0001 0001 0002
] 5 ] 5 ]
[(11d2) cm-2

Cancel I < Back | Mexk = I Firish |

2. Click on the Show legend box until the tick disappears.
3. The legend will be removed from the right-hand side of the chart.
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The Chart Wizard will now look like this.

Titles I Bxes |Gridlines Legend | Data Labels

-------------------------------- Yariation of average light intensity with

~Flacement 10d2

" Baktom 00
€ Copnet s0i
£ Top 400
 Right £ a0

€ Left = -
100
0

0.0000 0O00s  00i0 00015 00020
(142}l cm-2

Cancel I < Back | et = I Einish |

Changing the chart data labels.

The Data labels option alows the user to show the vaues of each point beside it on the
chart. Thisoption isvery useful if there are more than one set of data plotted on the same
chart. At Higher there will be only one set of data plotted on each chart, so it isbest to
select None for the data labels.

1 Click on the Data labels tab at the top of the Chart Wizard.
2. Ensure that there is a black dot next to None in the Data labe s menu.
3. The Chart Wizard will now look like this.

—Data labels
% hlone Yariation of average light intensity with
o 1id2
" Show walue s
= Show percent e
" Show label
400
" Shioiw label and percent 3
7 Show bubble sizes é 20
200 =
100
I ‘Legend key next ko label o
00000 00005 0o0i0 0O00ME 00020
(142 lem-2

Zancel < Back | Mext > I Einish
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Selecting the chart location.

The Chart Location option alows the user to choose where the chart isto be placed. The
chart may be placed on top of the existing spreadshest or it may be placed onto a sheet of
itsown. It isbest to put the chart onto a new sheet if it isto be imported into a Word
document.

1. Click Next> and the last page of the Chart Wizard will appesr.

|_|_I_ " Az new sheet: IChartl

Hai ] Crooein
Cancel | < Back I et = I Firiish I

2. Click on the dot beside “ As anew sheet”.

3. Click in the cdl besde it and type in the name of the new shest, Light intendity and
distance.

4, Click on Finish and the graph will appear on anew sheet and look like this.

Yariation of average light intensity with 11d2
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Changing the page set-up.
Excd automatically plots the chart using the Landscape page set-up. Thisresultsin along x-

axisand ashort y-axis. In some Stuations it may be advantageous to have the chart set-up
s0 that the x-axisis short and the y-axisislong. Thisiseasly changed.

Go to File on the Menu bar.

Choose Page Setup and the Page Setup window will appear.

Click on the Page tab at the top of the Page Setup window.

Click on the white dot beside Portrait until the dot turns from white to black.

Check that the Page Setup window |ooks like the one shown below.

Click on OK and the chart will now be presented in Portrait, like the one shown on
the next page.

oSk wdPE

The chart in thisexample is best plotted with along x-axis.

7. Go to file on the Menu bar, choose Page Setup and click on the Page tab.
8. Click on the dot beside Landscape, then click OK and the chart will return to its
previous form.

Page Setup HE
Page IMargins I HeaderFooker l Chart I

Orientation
Prink... |

[,
-------------------- L
2 P':'rtralt . Landscape Prinkt Presview |

Scaling Cpkions. .. I

% adiist ko 100 = % normal size

Faper size: IM 210 = 297 mm _ﬂ

Prink guality: I ;I
First page numbet: Iﬂ.utu:u
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EDITING A CHART

Editing the axes
1. Double click on the x-axis of the chart. The Format Axiswindow will appesar.

Format Axis
......................... - i 5Ea|e I o l Number I Alignment |
s Tajor tick mark fvpe
¥ aukomatic { None e Cutside
" Mone " Inside " Cross

" Custom
Sinar tick mark tvpe—————
Skyle: |— TI =
&+ pone " outside
Color: | Automatic vl " Inside " Cross

Weight:

=Tick mark labels
" hone ™ High
—Sample ) Low =" Mexk to axis

(o] 4 I Cancel |

Editing the axis pattern

The line selected by Excel to draw the x-axis is not thick enough. The thickness of the x-axis
may be edited by following the ingtructions given below. It is best not to change the colour
of the lines as mogt printers are only fitted with black ink cartridges and no extramarks will
be awarded for colourful charts.

1 Click on the Patterns tab at the top of the Format Axiswindow.
2. Click on the Custom dot in the Axis options.
3. Drag the Weight menu down and click on the third line down.

The chart needs to have tick marks at the Mgor gridlines on the axis. The chart is much
more legibleif there are no Minor tick marks on the axis. To add only Mgor tick marks

4, Go to the Mgor tick mark options. Click on the dot beside Outside. The dot will
turn from white to black.

5. Go to the Minor tick mark options. Click on the dot beside None. The dot will turn
from white to black.
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There must be a scale on the axis. Excd will draw ascde on the axis if these ingtructions are
followed.

6. Go to the Tick mark labels options and click on the dot beside Next to Axis.
7. Check that the Format Axis window looks like the one below.

Format Axis
: I Scale I Fank l Mumber I Alignment |
s ajor tick mark tvpe
" automatic " Maone & Outside
" Wone " Inside " Cross
& Cuskom
Sinortick mark bype—————
Skwle: |— "I =
= Mone £ outside

Colar; | Aukarmatic vl " Inside " Cross
‘eight: |_ vi =Tick matk labels

i More " High
—Sample " Low % ext bo axis

Ik I Zancel

Click on OK and the x-axis will change.
0. Double click on the y-axis.

10. Repest steps 1t0 9.

11.  Click on OK and the y-axis will change.

©
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The chart will now look like this.

Yariation of average light intensity with 11d2
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Editing the axis scale
The Format Axis Scale options dlow the user to do the following:

leave Excd to automatically choose the scde on the axis
&t the scale on the axis by setting Maximum and Minimum values, and the size of the
Major and Minor units.

The Vdue (Y) axis crosses a, Logarithmic Scae, Vauesin reverse order, and vaues (Y)
axis crosses a maximum vaue options are not needed at Higher. The Logarithmic scale
may be useful to students studying Advanced Higher. Excd dlowsthe x-axis, y-axis, or
both axes to have alogarithmic scale.

1 Double Click on the x-axis and the Format Axis window will appear.
2. Click on the Scale tab at the top of the Format Axis window.

The Format Axis window will look like this.

Physics: Guide to Excel — Student material

26



Format Axig

Patterns § 5 EalEl Fant I Mumber I .ﬁ.lignmentl
Walue (%) axis scale

Auko

IV Minirrn: [III—

Iv Mazirmur: I_W

¥ Majar unit: !‘W

IV Mincr urit: an—

IV Walue () sxis

Crosses ak: |IZI

™ Logarithmic scale
[T “alues in reverse order
[ walue () axis crosses atb maximun value

(0]4 I Zancel I

Excd has automaticaly chosen the scale. The Format Axis Scae options dlow the user to
change the scale. In this example the scde will be easier to read if the values are edited to
show the x-axis scale beginning at 0.0000 and ending at 0.0020 with Mgor steps of 0.0005
and Minor steps of 0.0001. The minimum is dready set to 0 so thereis no need to changeit.

Click on the long white cdl besde Maximum.

Délete the contents and type in the new vaue of 0.0020.

Click on the long white cell besde Mgor Unit.

Délete the contents and type in the new vaue of 0.0005.

Click on the long white cdl besde Minor Unit.

Delete the contents and type in the new vaue of 0.0001.
Check that the Format Axis window looks like the one below.
Click on OK and the chart will change to show the one below.

N A WDNE
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The scale on the y-axisis changed using the same method.
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Set the Minor unit to 25
Check that the Format Axis window will look like the one below.

1 Double click on the y-axis to reved the Format Axiswindow.
2. Click on the Scae tab.

3. Set the Minimumto O

4. Set the Maximum to 600

5. Set the Mgor unit to 50

6.

7.

Format Axis

I
v
|
L |
|
I Lo
| |
| |

8. Click on OK and the chart will change and look like this.

Yariation of average light intensity with 11d2
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Editing the axis font.

The Format Axis Fonts options alow the user to change the font used for the scale on each
axis. When there are long numbers used on the scale, the numbers will overlap each other.
By reducing the size of the font, the numbers may be made to fit onto the axis.

If the chart isto be included in aWord document, dl of the fonts used on the chart should
be the same as that used in the document. The font chosen must have the True Type (see
below) symboal beside it. This means that the font printed by the printer will be the same as
the font seen on the screen. If anon-TT font is chosen there is no guarantee that the font
will be printed the way it is shown on the screen.

'ﬁl True Type font symbol

It is best to choose Regular for the font type. If Bold is chasen the font will beillegible when
it isset to 9ze 10. The smdlest legible regular type font Szeissze 10.

The Underline option alows the font to be underlined. The colour and background options
alow the font colour and font background colour to be changed. These should be lft at
Automatic (Non-underlined, Black font on a White background) as these are the stlandard
settingsfor dl levels of Physics.

Double click on the x-axis.

Click on the Font tab at the top of the window.

Choose Times New Roman from the Font menu.

Choose Regular from the Font Type menu.

Choose 10 from the Sze menu.

Check that the Format Axis Font window |ooks like the one shown below.

Sk wnNE
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Format Axiz

2]

Patterns | Scale ___________ F Dl‘lt ___________ I Murnber | Aligriment I
Eont: Fant skyle; Size:
ITimes Mew Rorman IRegular |1EI
T Tahoma - ) o~
T Tempus Sans ITC e q
. Roman Fold Italic < 1
nderline: Color: Backaround:
INDne j I Aukarnatic j I.ﬁ.utn:-matin: j
ffects Feview
[T Strikethrough
[ | Superscripk W AaBhCcVyZs L
™ subscript

¥ auto scale

This is a TrueTvpe font, The same font will be used on both your printer and

YWOUF SCreen,

[ |

Zancel

Click on OK and the font on the x-axiswill change.

7.
8. Double click on the y-axis.
9

Click on the Font tab at the top of the Format Axiswindow.

10. Repeat steps 1 to 4.
11.  Click on OK.

The chart will now look like this.
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Editing the axis numbers.
The Format Axis Numbers options dlow the user to change the format of the numbers on

the chart axes. It isidentica to the one used to format numbers on the spreadsheets. The
numbers on the x-axis and the y-axis have dready been formatted.

1 Double click on the x-axis.
2. Click on the Number tab at the top of the Format Axis window. The Format Axis
Number window will appear and look like the one shown below.

Format Axis [ 2]

Patterns I Scale I Font Numl:uer I Aligriment I
Cateqary “Sample
T — oo |
CUrrEncy Decirnal places: I4 3‘“
Accounting

[rake

Time ™ 'Use 1000 Separatar [,

Percentage . :

oo Megative numbers;

Scientific -

Texk 1234,3210

Special -1234.3210

Custam Fl |-1z34.3210 =i

¥ Linked to source

Mumber is used for general display of numbers, Currency and Accounking
offer specialized Formatting For monetary walue,

Ik I Zancel

3. Click on OK.

Editing the axis alignment.

The Format Axis Alignment options alow the user to change the alignment of the text on the
axes. When the user has opted to display numbers at the Mgor ticks and the Minor ticks,
there may be a problem with the text overlgpping. In order to avoid overlapping the text,
the font Sze may be reduced as above but the Format Axis Alignment option alows the user
to dign the numbers on the axis at an angle instead of the default Horizontal pogition. When
the top diamond in the alignment window is clicked, the numbers are rotated 90 degrees
anti-clockwise. This eiminates the overlap problem. If the scale has been chosen with care,
asin this example, then this option should not be needed.
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1. Double click on the x-axis.
2. Click on the Alignment tab at the top of the Format Axis window.
3. Check that the Format Axis Alignment window looks like the one below.

Format Axis T

F‘atternsi Scale i Font |Number

—Drignkakion
' automatic

Lo A e |

|IZI 5" Deqgrees

[0]'4 I Cancel

4. Click OK.

Editing the axistitle.

In this example the x-axistitle font needs to be formatted to match the font used for the x-
axisscae.

Double click on the x-axistitle (1/d2)/cm-2.

Click on the Font tab at the top of the Format Axis Title Window.
In the font cell sdlect Times New Roman.

In the Font style cdll sdlect Regular.

Inthe Size cell select 12.

Check that the Format Axis Title window looks like the one below.
Click on OK and the x-axis title will change.

Double click on the y-axistitle I/lux.

Repeat steps3to 7.

Click on OK.

©COoNoO~WDNRE
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The chart will now look like the one be ow.

K E3

Format Axis
Patterns | Scale Fant | Murnber | Alignrment |
Font: Faont skyle; Size:
ITimes Mewy Forman IReguIar 12
T Tahoma =] = -
| Tempus Sans ITC 1 =
Terrninal =" IEald 11
Times Mew Roman Biold Ikalic ;I o
Underline: Calor: Background:
INu:une j I Aukomatic j IF'.uI:cumaI:iu: j
fFects revig
[T strikethrough
[~ | Superscripk L AaBhCoYvis |
[ subscript

¥ auto scale

This is a TrueType fonk, The same Font will be used on bath your prinker and

WOUP SCreen,

o |

Zancel

¥ariation of average light intensity with 1/d2
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The x-axis title must be formatted to read (1/d?)/crm®.
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1 Single dick on the (1/d2)/cm-2. It will now have agrey border.

2. Drag the mouse over thefirg 2 to highlight it in black. The grey border will
disappear.

3 Go to Format on the Menu bar.

4 Click on Selected Axis Title.

5. The Format Axis Title Font window will appear.

6. Click in the box beside Superscript. A tick will appear.

7 Click on OK and thettitle will now read (1/d?)/cm-2.

8 Singledlick on thetitle and it will gain agrey border.

0. Drag the mouse over the -2 to highlight them.

10. Repeat steps 3 to 6.

11.  Click OK and the title will now read (1/d?)/cm

The Chart will now look like this.

Yariation of average light intensity with 11d2
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The underline, colour, and background options alow the user to underline the axistitle,
change its colour and change the colour of its background. The default setting for thisis
non-underlined black text on a white background. These settings should not be changed at

any levd of Physcs

The Petterns tab at the top of the format Axis Title window alows the user to place a
border around the axistitle and to colour the border and background. Thisis not required at

any levd of Physcs

The Alignment tab at the top of the Format Axis Title window alows the user to change the
dignment of the axistitle. The default setting isfor the x-axistitle to be digned horizontaly
and the y-axistitle to be dligned verticaly. These are the standard aignments used in Physics
and should not be changed
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Editing the chart title

The chart title font must be changed to Times New Roman to match the rest of the text on
the chart. Asit isatitle, the size of the font will aso be dightly increased.

1. Double click on the chart title, Variation of average light intensity with 1/d2.

2. Click on the Font tab at the top of the Format Chart Title window and the following

window will appesr.

Format Chart Title
patterns { Fort | atignment |
Font: Font skwle: Size
I.ﬁ.rial Eh:ulu:l
| abadi MT Condensed Luﬂ Reqgular
M Amaze Italic 10
11
T arial Black, "' Biold Ikalic " L_ i
Lnderline: Colar: Background:
INDne j I Autornatic ;I I.ﬁ.utnmatlc j
rEffects PEiE 1
[ Strikethrough
I™ Superscript | AaBbCcYyZz __ |
I subscript

V¥ auto scale

Thiz is a TrueType fonk, The same Font will be used on both your printer and

Yaur screen,
[0]4 I Cancel

Sdlect Times New Roman from the Font options.
Sdect Regular from the Font Style options.
Sdect 14 from the Size options

Click OK and the chart will look like this.

o Uk w
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The 1/d2 must be formatted.

Single click on the chart title.

Thetitlewill now have agrey border.

Use the cursor to highlight the 2.

Go to Format on the Menu bar.

Click on Selected Chart Title.

The Format Chart Title window will appear.

©NOoO O~ WN PR

Click on OK and the chart will look like this.

Click on the box beside Superscript and atick will appesr.
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Editing the data series.

The Format Data Series Patterns window alows the user to change the style, colour and
sze of the markers on the chart. The diagona cross and the vertica cross are the only
markersin Excd that dlow the pogtion of the point to be accurately plotted. They are only

available when the Background colour is set to No Colour. If more than one set of data are
plotted on the same chart it is possible to change the colour of the crosses for each data set
by changing the Foreground colour. Thisis not required a Higher, athough may be used a
Intermediate 2 for cooling curves or a Advanced Higher.

©Co~Nogagk~wWNPRE
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Double click on one of the data points.

The Format Data Series window will appear.

Click on the Patterns tab at the top of the window.

Go to the Marker options and click on the dot beside Custom.
Choose Black for the Foreground colour (top left-hand colour on the pallet).
Choose No Colour for the Background colour.
Choose X for the Style.

Go to Size. Use the up arrow to increase the size to 10.
Check that the Format Data Series window looks like the one shown on the next

Format Data Series

Diaka Labels I
Patterns | fxis

Line
8 Aukomaktic
{* Mone
" Cuskom

Skyle: I— vi
Colar: | Aukomatic TI

Weight:

[T smoothediine

—Sample

X

Seties Order

| # Error Bars |

71 ]

l Options
¥ Error Bars

Foreground: | ~ |
Background: ! Mo Colar "i

Size: 10

" | shadow

—Marker
8 Autamatic
| Mone
f* Custam
Skl I ® vl

e

pks

o |

Cancel
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The chart will now look like the one on the next page. In order to include the chart within an
Outcome 3 report, the student must now print the chart and hand draw a best-fit line onto
the chart.

It will take a novice about 30 minutes to go through dl of the ingructionsin the previous

three sections, but with practice, it is possible to enter and analyse the data, plot and edit the
chart within about 5 minutes.
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HANDLING UNCERTAINTIES.

Formatting a spreadsheet to handle uncertainties.

The spreadsheet shown below shows a set of student results taken to calculate the half-
value thickness of lead for gamma radiation from a*Co source.

a | E | C | D | E | F

Thicknesa Uncorrected | Uncorrected | Uncorrected | Uneorrected | Uneorrected

(=) I RS T

of count count count count count
leacditorn | ratefoounts | ratefeounts | ratefoounts | ratefoounts | ratefoounts
per mitate | per mirte | per mirite | per minute | per mirote

0 214 254 293 231 274
& 532 511 522 518 547
12 380 392 406 395 359
13 315 311 3232 313 318
24 454 2433 229 242 429

These results will be analysed for uncertainties resulting in a Spreadsheet with alarge number
of columns. To keep the spreadsheet compact, it is possble to merge the column headings.

1.

©CoOoNOUT~WDN
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Click on cdl B1 and drag the mouse over to cell F1. The cdlswill now be
highlighted.

Go to Format on the Menu bar and choose Cedlls.

Click on the Alignment tab at the top of the Format Cells window.

Click on the box beside Merge cdlls and attick will appear in the box.
Click on OK. CdlsB1 to F1 will have merged.

Click on the grey B cdll and drag the mouse over to the grey F cell.

Go to Format on the Menu bar.

Click on Columns and select Width.

Typein 8.0 and click on OK. The width of columns B to F will have been reduced.
The spreadsheet will now look like the one below.

) N T = =7 I =2 I E
Thickness| Uncorrected count ratefcounts per ranute
of
leaditam
0 214 854 293 231 874
& 532 511 522 51% Dad

mo|n | (L P =

12 300 302 406 305 300
12 315 in 322 313 318
24 254 233 428 242 230

The background count rate during the experiment was 30 counts per minute. This vaue will
have to be used to correct the count rate.
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1. Sdlect cdl G1 and type in the heading Corrected count rate/counts per minute.
2. Merge cdls G1 to K1 using the method given above.
3. Adjust the width of columns G1 to K1 to 8.0 using the above method.
4, Sdect cdl G2 and enter the formula=B2-30. Thiswill correct the count rate.
5. Copy the formulato cells G2 to G6. Repeat thisfor cell H2to H6, 1210 16, )2 to
J6, and K2 to K6. The spreadsheet will now look like this.
I [ = [ e O e e = [ = D e I s [ e s e o
Thickness| Uncorrected count ratefcounts per rannte Corrected count ratefcounts per rante
of
i | ladinm
B ¢ g16 | 854 | 803 | 831 | 874 786 824|863 201 844
b s N e o e - - 7 502 481|403 438) 497
b 12 W0 | 392 | 406 | 395 | 399 60| 362|376 365 360
B 1z 315 | 311 | 322 | 313 | 38 285 281 203 283 288
T 254 | 233 | 220 | 242 | 239 224 203 1v9]  212) 209

Calculating a mean value.
The mean corrected count rate may be calculated by the following method.

1 Sdectcdl L1
2. Enter the heading Mean corrected count rate/counts per minute.
3. Select cdll L2 and enter =average(
4, Click and hold the mouse on cdl G2 and drag the cursor over to cdl K2. Thefive
cdlswill have amoving dotted border.
5. Re ease the mouse and the formulawill read =average(G2:K2
6. Close the bracket to give =average(G2:K2) and press the return key.
7. The number 823.6 will gppear in cell L2.
8. Copy theformulato cdlsL3to L6.
0. Use the Format Cells Number window to set the number of decima placesto zero.
The spreadshest will now look like this,
] ] e ] e B
Thickness Uncorrected count ratelcounts per minute Corrected count ratefcounts per minute Mean corrected
of count
1 leadfmm ratefcounts per
2 1] G816 a5 893 831 ard TaE a4 GE3 a0 G4 a4
3 E Rz A11 hz22 A13 527 A2 431 432 433 447 432
4 12 2490 29z 40E 295 299 R0 EZ ATE 3B B9 AEE
] 18 315 3 o) 33 38 2850 281 292 283 288 286
G 24 254 233 229 242 239 224 203 193 212 209 209
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Calculating an approximate random uncertainty.
The gpproximate random uncertainty in the mean is caculated using the formula.

maximum reading - mnmum  reading
number of readings

Random uncertaint y =

Excd does not have a function specificaly designed to caculate the random uncertainty but
it may be caculated usng aformula created from other Excd functions. It is caculated using
the formula

Random uncertainty = (MAX(Array)-MIN(Array))/COLUMNS(Array)

In the Array bracket the user needsto tell Excd which cdllsto use. Inthiscaseit iscdls G2
to K2 inclusive (written as G2:K2). Gresat care must be taken with the positioning of the
brackets.

1. Sdect cdl M1

2. Enter the column heading Random uncertainty in the mean corrected count
rate/counts per minute,

3. Select cdll M2 and type =MAX(

4, Click and hold on cell G2 and drag acrossto cell K2,

5. Close the array bracket and the formulawill ook like this=MAX(G2:K2)

6. Typein the rest of the formula shown above inserting G2:K 2 each time the word
Array appears.

7. Press the Return key and cell M2 will display the answer 15.4.

8. Copy the formulato cells M3 to M6.

9. Use the Format Cells Number window to set the number of decimad placesto zero
and the spreadsheet will look like this.

A e L [ R I | P e e [ e e | e | et

Thicknesz|  Uncorrected count ratefcounts per Corrected count ratefcounts per minute Mean Fandom
of minute correched uncertainty in
leadimm counk the mean

ratefcounts | corrected count
per minute | ratelcounts per
minute

il 1 216 264 aa3 231 av4 TEE a4 263 a01 244 ai4 18
T E 532 G611 a22 518 527 a02 421 43z 488 4457 43z 4
] 12 3480 382 406 335 393 360 362 ITE 3EG 363 3EE 3
B 18 316 a1 ape 313 fAE] 286 281 2az 283 2a8 286 2

[ 24 264 233 224 242 234 204 203 193 212 203 203 A

Calculating a per centage uncertainty.

To caculate the gpproximate random uncertainty as a percentage uncertainty, the following
formulais used.
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random uncertaint y inthe mean «

Percentage uncertaint y =
mean vaue

100

Sdect cdl N1

Enter the column heading Percentage uncertainty in the mean corrected count rate.
Click on cell N2 and type in the formula=(M2/L2)* 100

The answer 1.868933...will gppear in Cell N2.

Copy the formulato cells N3 to N6.

Use the Format Cells Number window to change the number of decima placesto
zero. ColumnsL, M, and N will look like this.

ok wnNE

L | M | H
Mlean Fandom Fercentage
corrected uncertainty in | uncertaintyin
colnt the mean the mean
ratefcounts | corrected count|  corrected
perminuke | ratedcounts per| countrate
minute

a24
4432
366
286
203

o

2
1
1
1
2

Ly B R

Calculating an absolute uncertainty.

The manufacture of the lead States that the thickness has an uncertainty of +/- 5%. This
percentage will be used to calculate the absolute uncertainty in the thickness of the lead. The
Absolute uncertainty is caculated using the formula

percentage uncertaint y
100

Absolute uncertaint y = X reading

Sdlect cel B2. Go to Insert on the Menu bar and sdlect Columns

Repeat sepl and two new columns will have been inserted.

Sdect cdl C1 and enter the heading Percentage uncertainty in the thickness of lead.
Enter the vaue 5 into cells C2 to C6.

Sdect cdl B1 and enter the heading Absolute uncertainty in the thickness of
leed/mm

Select cell B2 and enter the formula =(C2/100)* A2

The answer of 1.2 will appear in cdll B2.

Copy the formulainto cells B3 to B6.

Use the Format Cells Number window to set the number of decima placesto 1 and
the first 3 columns of the spreadsheet will look like this.

g~ wbdpE

© oo N
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Thickness

Absolute

Fercentage

of lead!mm | uncertainty in | uncerkainty in
the thickness | the thickness

1]
3
12
18
24

of leadimm

0o
03
0&
na
1.2

of lead.

ommmom

It isnow possibleto plot an XY Scatter chart of the Mean corrected count rate/counts per

minute (column N) againgt the Thickness of lead/mm (column A). The chart should be
placed on a new sheet entitled Half-thickness. The x-axis scae settings should be set to

Maximum 26, Minimum O, Mgor unit 1, Minor unit 0.25. The y-axis scae settings should

be set to Maximum 850, Minimum O, Mgor unit 50, Minor unit 5. The x-axis and y-axis
Maor gridlines are made thicker to make the chart more legible. Thisis achieved by

following these indtructions.

1.

N

No gk~ w

The Page set up of the chart is aso changed to Portrait to alow the y-axis scae to be
enlarged from Excels origind choice.

The chart should look like the one on the next page.

Physics: Guide to Excel — Student material

Go to View on the Menu bar and chose Zoom. Select 200% and click on OK.
Move the cursor over the gridlines until a cream box with Vaue (X) Axis Mgor
Gridlines gppears. Double click and the Format Gridlines window will appear.
Click on the Patterns tab at the top of the window.

In the Line option pull down the Weight menu and click on the second line down.
Click on OK and the x-axis Mgor gridlineswill become thicker.

Repeat steps 2 to 5 for the y-axis Mgor gridlines.

Use the View Zoom 100% option to return the view to full sze.

45



Variation of Mean corrected count rate/counts per minute with the thickness of lead/mm
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Plotting error barson a chart.

Errors bars are only required at Advanced Higher Physics. Excel can plot error bars for
each data point on a chart. There are three options for plotting error bars.

1. Fixed percentage error bars
2. Fixed value error bars.
3. Custom error bars.

Fixed percentage error bars.
The manufacturer gave the percentage uncertainty in the thickness of the lead as * 5%.

1. Double click on one of the data points. The Format Data Series window will

appear.
2. Click onthe X Error Bar tab a the top of the Format Data Series window.

3. The Format Data Series window will ook like this.

Format Data Senes [ 2]
Data Labels l Seties Order l Dptions
Patterns i Buis & Error Bars I ¥ Error Bars
Tisplay
Both Plus Minus Mone

~Error arnounk

% Fized value: ll E‘
" Percentage: !5 5‘ o,

" Standard deviation{s): l 1 E

" Standard error
" custom: 4 | By

- Y

| i I Cancel |

Go to the Display options and click on the white box above Both.

Go to the Error amount options and click on the dot beside Percentage.

6. Check that the Percentage error amount is set at 5%. If it is not, use the up and
down arrows to change the vaue to 5%.

Check that the Format Data Series window looks like the one below.

8. Click on OK and the chart will now display x-axis error bars as shown below.

o s

~
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Format Data Series

Ciaka Labels I Series Order I Options I
Patterns I Huis » Error Bars | % Error Bars
Tisplay
Bioth Flus Mins Mone

—Error amounk

" Fixed value: Il E‘
¥ Percentage: Fﬁa g
™ Standard deviation(s): il E

™ Standard error
" Custom: i :N_j

- Y

o, I Cancel |

To plot aset of fixed percentage error bars for the y-axis vaues, the same method as above
would be used but in step 2 the user would click onthe 'Y Error Barstab at the top of the
Format Data Series window.

If the percentage uncertainty is not awhole number then the user may delete the vaue in the
cdl besde Percentage and enter the desired vaue for example + 4.8%.
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Variation of Mean corrected count rate/counts per minute with the thickness of lead/mm
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Fixed value error bars.

The student carrying out the experiment believes that the uncertainty in the thickness of the

leadis+ 1 mm.

1. Double click on one of the data points. The Format Data Series window will appear.
2. Click onthe X Error Bar tab at the top of the Format Data Series window.
3. TheFormat Data Series window will look like this.

Format Data Series

l Opkions

Data Labels l Series Qrder
Patterns i Bixis & Error Bars
Tisplay
-
Baoth Plus Minus Mone
~Error amaount
% Fixed value: |1 5‘
" Percentage: I5 5‘ o,
" Standard deviation(s): ll 5
™ Standard error
- Cuskonm; 4 I _’ﬂ
] A

I ¥ Error Bars

o |

Cancel |

e

Go to the Display options and click on the white box above Both.

5. Go to the Error amount options and click on the dot beside Fixed vaue until the dot

turns from white to black.

6. Check that the Fixed value amount isset at 1. If it is not, use the up and down arrows to
change the vaueto 1. Thiswill goply an uncertainty of + 1 mm.

~

8. Click on OK.
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Check that the Format Data Series window looks like the one below.
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Format Data Series

Ciaka Labels | Series Crder l Dpkions
Patterns i Bis » Error Bars | % Error Bars
Display
Baoth Flus finws Mone

—Error amount

¥ Fixved value! m
~ Percentage: I5 5‘ o,
™ Skandard deviation(s): Il E
" Standard error

- Cuskonm; i I :'t_j

- EY

| (04 I Cancel |

Excd has adjusted the scale on the x-axis to range from -3 to 26. Thisis because it has
plotted error bars of = 1 mm for the thickness of 0 mm. A negative thickness does not make
sense. It isnot possible to remove the error bars around that point, unless the datais
removed from the spreadsheet. It is possible to remove the negative error bar by re-setting
the range of scale on the x-axis from 0 to 26. Thisis achieved by

0. Double click on the x-axis and the Format Axis window will appear.
10. Click on the Scdetab at the top of the window and reset the Minimum vaue to 0.
11.  Click on OK and the chart will change to the one shown on the next page.

If the fixed value uncertainty is not awhole number then the vaue in the cdll beside The fixed
vaue error amount may be deleted and the desired vaue inserted, for example £ 0.5 mm.
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Variation of Mean corrected count rate/counts per minute with the thickness of lead/mm
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Custom error bars.

The gpproximate random uncertainty in the Mean corrected count rate/counts per minute is

not a constant value,

It is possible to plot the random uncertainty as error bars.

A owbdpE

from white to black.

Double click on one of the data points.

The Format Data Series window will appear.
Click onthe Y Error Barstab at the top of the Format Data Series window.

Go to the Error amount options and click on the dot beside Custom, until it turns

5. The bottom left-hand corner of the screen will 1ook like this.

([ [« [ » [ ¥/ Half-thickness £ Sheet

1 4]

6. Click on the Sheet1 tab.

~

The origina spreadsheet will gppear behind the Format Data Series window.

8. Use the arrows at the bottom right-hand side of the screen to move the spreadsheet
until the whole of column O (Random uncertainty in the mean corrected count

rate/counts per minute) isvisble.

9. The screen will look like this.
D [ E T F I s [T B I 0 T 9 T & T &t T =1 ® ] [i]
% Fandom
Format Data Series BE i uncerkainky in the
T X mean corrected
Data Labels I Series Order | Cptions ! SR
Patterns I Hois I % Error Bars ¥ Error Bars per minute
TDisplay
1
2 | | 15
=1t L - :
4 3
= Both Plus Pins Mone S
% —Erraor amount )
g ™ Fixed value: S0 -
f‘u " Percentage: 15 E‘ ES
e ™ Standard deviationis): ll E
12
13 " Standard error
—:—;— & Custom: 4 | By
16 = I f".]
17
18]
18
20 I—I |
21 Ik, Cance
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10. Click and hold the mouse on cdl O2 and drag the mouse down to cell O6. The
Format Data Series window will disappear and the screen will change to look like
this.
O [ E [ F [T & [ H [ 1T [ 39 1 K [t [ s [ N ] [a]
o ; ; : = ] ; : o ; Eand
Format Data Series - Custom + E ume:;nzlr:; i
|=ShEEt1 |$O$2:$0$6| Ei mean corrected
T count rakefcounts
per minuke
1 “““““
Bl sic g54 g93 g3 74 785 g24 853 )| a44 a4 | 15
0 511 Beg 518 527 Big 451 452 488 457 432 | 4
4 | 3m0 382 4005 385 389 360 362 3TE 365 369 366 ! 3
B 315 3 322 313 318 255 281 292 Lot 258 285 ! 2
5 ED 233 229 242 239 224 203 199 212 209 209 T e
11. Release the mouse and the screen will change to look like this.
= I I = I I = T e | 0
’ : . - . . . — . FRandom
Format Data Series EE e e
mean correcked
[rata Labels | Seties Order | Cptions | et B
Patterns | Axis I * Error Bars ¥ Error Bars per minute
Tijsplay
1
2 T T
N - NERE -
4 3
5 Biokh Plus Minus Mone y 5
h
: ~Error amount OO - Jhpia
3  Fixed value: 50 -
15:3 " Percentage: |5 E O
11 " Skandard dewviation(s): |1 E
12
13 " Skandard error
:; (¥ Custom:  + |=sheet11$0$2:404] Tl
® 5 5]
17
18
19
20
21 (o4 I Cancel |
—
12.  Goto the Error amount options and click in the — cell beside Custom.
13. Repeat steps 6 to 10, release the mouse and the Format Data Series window will
look like the one on the next page.
14.  Click on OK and the chart will now display the random uncertainty asthe y-axis

error bars and will ook like the one shown on the page after next. The error bars
will be very smal and hard to see.
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15. Go to View on the Menu bar and click on Zoom.
16.  Sdect amagnificaion of 200%.

17.  They-axiseror barswill now be vishble, dthough they are ill smdll.

18.  Goto Edit on the Menu bar and click on Undo Zoom. The magnification will return

to 100%.
Format Data Series [ 2]
Data Labels | Seties Order | Cptions |
Patterns I Bxis | % Error Bars % Error Bars
~Display
Both Plus Mirius Mone
—Error arnount
" Fixed value: S0 -
" Percentage: |5 E‘ o
" Standard deviation(s); I1 5‘
" Standard error
feiCustom;  + |=Sheet11$0$2:4046 Tk
_ |=cheetl1gogz:046 i
| (4 I Cancel |

Using the Custom option in the Error amount it is possible to have asymmetrical errors such

as+ 1 mm and — 0.5 mm. There should not be aneed for this even a Advanced Higher.
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Variation of Mean corrected count rate/counts per minute with the thickness of lead/mm
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CONSTRUCTING FORMULAE

Arithmetic operators.
The four basic arithmetic operators used in the congtruction of aformula are shown below.

MATHEMATICAL EXCEL OPERATOR EXAMPLE
OPERATION
Addition + (Plus sign) 3+4
Subtraction, Negation - (Minussign) 9-2 or -2
Multiplication * (Asterisk) 6*7
Division / (Forward slash) 12/2

They are used with brackets to create smple formulae. Excel follows the BODMAS order
of operations — brackets before division, multiplication, addition and subtraction. Excel
aways carries out calculation placed inside brackets first so great care must be taken with
the pogitioning of brackets.

Example 1

The datain the spreadsheet below are to be used to calculate the acceleration of an object
usng the formula

q=v-u)
t
a2 E e T
wms' | wimst tiz alm 57
) 16 5]

1 On apiece of paper, write the formula using the Excd operators. The formula
becomes a=v-ult.

2. Brackets must be placed around the change in velocity to tell Excel to caculae it
first and then divide by the time. The formula reads a=(v-u)/.

3. Cdl A2 contains the vaue for u, cell B2 contains the vaue for v, and cell C2

contains the value for t. The formula becomes a=(B2-A2)/C2.

Sdect cdl D2, type in the formula=(B2-A2)/C2 and press the Return key.

The answer 2 will appear in cdl D2.

o &
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N Operator.
The” (hat) operator is used to raise the power of a number. It islocated on the number 6
key.

Example 2
The datain the spreadsheet below are to be used to caculate s using the formula

s:ut+1at2

2

A | B | ¢ | D
wim st | afm s tfs sim
2 10 4 4
3

1 On apiece of paper, write the formula using the Excel operators changing the haf to
0.5. A multiplication operator must be placed between dl of the termsthat are to be
multiplied. The formula becomes s=u* t+0.5* a* t"2.

2. Insert brackets around the u*t and the 0.5* a*t*2. The formula become
s=(u*t)+(0.5*a*t"2)

3. Cdl A2 contains the vaue for u, cdl B2 contains the value for g, and cell C2
contains the value for t. The formula becomes s=(A2* C2)+(0.5*B2* C2"2).

4, Sdect cdl D2, typein the formula =(A2* C2)+(0.5*B2* C2"2) and pressthe
Return key.

5. The answer 56 will gppear in cell D2.

SQRT (number) Function.

The SQRT (number) function ca culates the square root of the number placed into the
brackets. Excd is not sengtive to upper or lower case lettering. 1t will automaticaly change
any lower case lettersin afunction to upper case letters, for example, SgRt will be changed
to SQRT.

Example 3
A student wishes to calculate the velocity of an object usng the formula

E, = .
2

After rearranging, the formula becomes

2E,
m
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The data to be used are shown in the spreadshest below.

A ETITE
B/ | mkg | wms
12 4

1. On apiece of paper, write the formula using the Excel operators and functions. The
formula becomes v=SQRT (2* E/m)

2. Insert brackets around the 2* K. The formula becomes v=SQRT((2* E)/m). The
outer brackets are part of the SQRT() function. The inner bracketstell Excdl to
caculate 2* B beforeit dividesby m.

3. Cdl A2 contains the vaue for K and cdl B2 contains the vaue for m. The formula
becomes v=SQRT((2*A2)/B2).

4, Sdect cdl D2, typein the formula =SQRT((2* A2)/B2) and press the Return key.

5. The answer 8 will appear in cdl D2.

PI() Function

The mathematica congtant p is used in many Physics calculaions, especidly a Advanced
Higher. Excd does not have asymbal for p but has afunction PI(). The PI() function
returnsavaue of p accurate to 15 digits. When using the PI() function, nothing is placed
ingde the brackets.

Example 4
A student has to caculate the period of a smple pendulum using the formula

T=2 |—

g

The required data are shown in the spreadsheet below.

A B | c

lim ='m 52 Tiks
0.5 9 81

On apiece of paper, write the formula using the Excel operators and functions. The
formula becomes T=2*P1()* SQRT(I/g)

Cdl A2 contains the vaue for | and cell B2 contains the value for g. The formula
becomes T=2*PI()* SQRT(A2/B2)

Sdect cdl D2, type in the formula=2*PI()* SQRT(A2/B2) and press the Return
key.

The answer 1.4185 will gppear in cdll D2.
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AVERAGE(number 1, number 2,...) Function.

The AVERAGE function is used to cdculate the arithmetic mean of a series of numbers. The

numbers may be placed directly into the function or if alarge amount of detaiis being

analysed, the array of data may be entered.

Example 5

A student wants to find the mean of the readings shown in the spreadsheet below.

a0 e E s E e
titniels titniels titniels titniels titniels tnean

1 tiness

2 4 3 5 4 &
1. Sdect cdll F2 and typein =AVERAGE(
2. Click on cdll A2, hold down the mouse button and drag over to cdll E2.
3. Release the mouse button and close the bracket to give =AVERAGE(A2:E2)
4, The answer 4.4 will appear in cdl F2.

The main advantage of following this method is that the user does not have to re-type dl of

the data, risking typing errorsin the process. The array of cells A2:E2 islinked to the
formula. If the formulais copied to cdl F3, the array A3:E3 would be used in the

caculaion.

Trigonometric Functions.

The six bagc trigonometric functions are shown in the table below.

TRIGONOMETRIC FUNCTION

EXCEL FUNCTION

sin SIN(angle in Radians)
cos COS(angle in Radians)
tan TAN(angle in Radians)
snt ASIN(anglein Radians)
cos™ ACOS(anglein radians)
tan™ ATAN(anglein radians)

Excd uses Radians asits unit of angle. There are however, two very ussful converson

functions avallable.

CONVERSION

EXCEL FUNCTION

Degreesto Radians

RADIANS (angle in Degrees)

Radiansto Degrees

DEGREES(angle in Radians)
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Example 6
A dudent isto caculate the Refractive Index of a materid using the formula,

n=Sna,
snq

m

and the data given in the spreadsheet below.

A | B | ¢ | o | E
1 | 8 degrees | 8 /degrees|  sind, sindl, n
2 a0 22
3
1 On apiece of paper, convert the 30 degrees to Radians using the conversion
function given above. The formula becomes SNq.=RADIANS(0.)
2. Insert the sin function into the formula. The formula now reads
ang=snN(RADIANS(q,)).
3. Cdl A2 contains the value for g.. The formula becomes sing.=siN(RADIANS(A2)).
4, Sdect cdl C2, typein the formula=sn(RADIANS(A2)), and press the Return key.
5. The answer 0.5 will gppear in cdl C2.
6. Copy the formulato cell D2 and the answer 0.37461 will appeer.
7. The formulafor Refractive Index is
=G
SNQm

8. Sdect cdl E2, type =C2/D2 and press the Return key.
0. The answer n=1.3347... will appear in cdl E2.

Example 7

A student knows the refractive index of a semi-circular prism and the angle of incidence of a
ray of light within the prism ¢,. The student wants to predict the angle of refraction of the
ray of light asit passes from the prism into the air.

For angles less than the Criticd Angle, the predicted angle of refraction is caculated usng
the formula

a=sn"*(nsngn)
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A | B | ©
Bfdegrees 1 Predicted
8, fdegrees
2 30 1.34
1 On apiece of paper write the formulato caculate Sng,, inradians

0=SIN(RADIANS(gm))

Multiply the formula by n to give g=n* SIN(RADIANS())

Taketheinverse sn of theformulagiving g:=ASIN(n* SIN(RADIANS(gn)))

4, Cdl A2 containsthe vaue for gy, and cdl B2 contains the vadue for n. The formula
now becomes g=ASIN(B2* SIN(RADIANS(A2)))

5. If thisformulawere used in cdll C2 it would return an answer of 0.73420.... Thisis
the correct angle but it is measured in radians. Use the DEGREES() function to
convert the answer to degrees, giving the finished formula of
0—DEGREES(ASIN(SIN(RADIANS(A2))/B2)).

6. Sdlect cell C2, typein =DEGREES(ASIN(SIN(RADIANS(A2))/B2)), and press
the return key. Be very careful with the brackets.

7. The answer of 42.0670648... will appear in cdl C2.

wnN

L ogarithmic Functions
Excd has four logarithmic functions shown in the table below.

LOGARITHMIC FUNCTION EXCEL FUNCTION
LogioN LOG10(number)
LogN L OG(number, base)
LNN LN(number)
EXP EXP(number)
Example 8

Entering =LOG10(1000) would return an answer of 3.
Entering =LOG(4,2) would return an answer of 2.
Entering =LN(5) would return an answer of 1.60944...
Entering =EXP(1) would return an answer of 2.7182..
Entering =EXP(LN(5)) would return an answer of 5.

bk owbdpE

These functions are not required at Higher but could be used at Advanced Higher.
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