To Plot a Graph in Origin

Example: Number of Counts from a Geiger-
Muller Tube as a Function of Supply Voltage



Digression on Error Bars

 What entity do you use for the magnitude of the
error bars?

e Standard Deviation
— Assumes data are “normally distributed”

— A given measurement has a 68% probability of falling
within o of the mean of the measurements

— It has a 95.5% probability of falling within 2xo.

— Standard deviation only gives information about how
close to the mean any given measurement can be
expected to be.

— Value of standard deviation depends little on number
of measurements

— Standard deviation is not useful for generating error
bars.



Error Bars

e Standard Deviation of the Mean (SDoM)
— Aka “Standard Error of the Mean”
— Refers to the distribution of means (averages) of a series of

measurements about the population mean.

« Remember that the population mean is what you get by taking a
census of all members of the population

— There is a 68% probability that the mean of your
measurements lies within one standard deviation of the
mean of the true mean of the entire population. Get that?

* Good news: Mean of measurements approaches

population mean with increasing number of
measurements

» Bad news: Only approaches as 1/+/N

 SDoM approaches zero with increasing number of
measurements



Error Bars

* The entity you want to plot as error bars is the
Standard Deviation of the Mean (“Standard
Error” for Origin).

— Excel will calculate the Standard Deviation of a series
of data/measurements

— Excel will also determine the number of
measurements
e Rarely useful
* How would you not know how many data you took?
* Not equal to number of rows of data in Excel?

— SDoM = SD/SQRT(N)



Back to Plotting in Origin with Error Bars

* File:New or the New Project icon (next slide)

* Enter data (two slides down)
— Manually (e.g. Pendulum)
— Copy and paste
— From Excel...
— Data
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Plotting in Origin, cont’d

e Data to be plotted horizontally (“independent
variable”) must be in first column set as X or you may
use another column set as Y and change it to X

e Data to be plotted vertically (“dependent variable”,
typically multiple measurements thereof) must be in
columns to right of x-values

* If initial format is opposite (e.g. Geiger data)

— Worksheet:Transpose: Open Dialog:Ok (two slides
down)



Format for generating mean, SD and SDoM

* Block all (only) data for statistical analysis...click and
drag...like blocking in any program?

 Statistics:Descriptive statistics:Statistics on rows (or “on
columns” if your data are displayed in that way) :Open
dialog
— De-select everything, specifically including the “Optional

Report” and “Quartiles”, except Mean, SD and (add)
Standard Error of Mean.

* Ok

e Mean, Standard Deviation and Standard Error of Mean
will appear in columns to the right of data or in a new
sheet



“Independent
variable”
vaIues/

Multiple values of
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e Block the first column [A(x)], [CTRL: click
above column] the third from last [Mean] and
ast [SE of Mean] columns

e Plot:Line:Scatter

* |f you double click on the plot (line or point) a
menu appears allowing you to choose line and
line+symbol curve, line or symbol shape, size
and color, etc.

— If your data are any good you will have to choose
much smaller symbols to see your error bars!



Mean Counts

800 -
700 -
600 -
500 -
400 -
300 -
200 -

100

f Geiger-Muller Tube #3 Response

as a Function of Supply Voltage
T1-204 Source 33 mm from Detector
20 Reads at 5 sec. 0.5V Threshold

400 420 440 460 480 500 520 540 560 580 600

Supply Voltage (Volts) 13



Changing Plotting Parameters

* Double click on axes to change parameters
therein

* Click on “T” on the left bar to add text (like the
title of your graph!)

* |f you entered text for “Long name” and
“Units” in the headers of the “Sheet” in the
“Book” they will appear as axis labels.



Adjust Axis Parameters

- d —_——
800 ~
| Ticklabels |  MinorTicklabels |  Custom Tick Labels
i Scale Ttle&Fomat |  Gridlines |  Break
700 ~ Selection: o .
4 b From 400 @ Increment 20
—l
600 - el To 610 ©) # Major Ticks |11
3 i Eﬂi Type ;E Linear H # Minor Ticks 3
c 500 - Vertical EEE—
8 Rascada Linear |
O ] Log10
% 400 - Beatd Probability
> ! [ Mejo Probit
E 300 - 7] Mino Reciprocal
" @ Offset Reciprocal
200 - T Loat
e /] In
100 ot
3 Double Log Reciprocal
LI B | l L l L I L] l LI l LI I LI I § I L B l LI l LI I | l LI

400 420 440 460 480 500 520 540 560 580 600
Supply Voltage (Volts) 15



Adjust Plot Details
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Adding a Legend
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Linear Least Squares Fitting

* Plot data!
* Analysis: Fitting: Linear Fit: Open Dialog
— “Residual sum of squares” is another name for chi squared

— Check “R-value” or “R-square” (this is the correlation
coefficient)

— Assure that it is checked!
— Also check “Reduced chi Sqr” (for G-M experiment)
— Also assure that Residual Analysis: Regular is checked

— Uncheck the “Adj. R-Square” and “Pearson’s r” (their
formulas are not the typical ones for the correlation
coefficient Rorr)



Alternatively
— Enter all data into Excel

— Calculate mean, Standard Deviation and Standard
Deviation of the Mean

— Transfer relevant rows to empty Book in Origin
— Worksheet/Transpose/Dialog/OK

Plot:Line:scatter

Select columns to plot

— A(X) for X

— B(Y) for Y

— C2(Y) for YEr

Adjust symbols, line, axes and labels as appropriate

Use “T” icon on left to generate plot label
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Dialog Theme
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Plotted Data with Fit and Error Bars

Example: pendulum experiment

6
[ Experimental
> | | Linear fit
4 L
<> 3t
L ! Info about
— 2r " the linear fit
1 I (next slide)
O n
_1 1 1 1 1 1

20 40 60 30 100 120
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- Info about the linear fit (from previous slide graph):

Equation y = A+ Bx

Weight Instrumental Considering error
bars

Residual Sum of | 0.35095 Chi-squared (y2)

Squares considering error
bars

R-value 0.99951 Correlation
coefficient (r or R)

Value Standard Value and
Error Absolute error
A Intercept 0.05004 0.01975
B Slope 0.03962 5.18244E-4




Residual Plot with Error Bars

* Residual values will appear as a new column in
the sheet “FitLinearCurvel”

* Retrieve error bar magnitudes from original
calculations [column SEM(yEr)]

 Plot residual values with error bars as a
function of y-data as usual
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Test Fit Residuals with Error Bars
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Residual plot for the example on slide 24 (pendulum experiment)

Plotting Re = T — T#;,, vs. | with error bars for o7~
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Generating and Fitting a Histogram

* Import data to be plotted into a Y-column of a
new book/worksheet.

— The x-column doesn’t work, even if you have only
one set of data to generate a histogram. Don’t ask.

* Block those data (CTRL click above column)



To Plot a Histogram
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Initial Histogram
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Example of axis labels for the Geiger-Miiller experiment
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Histogram with Gaussian Overlay
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Example of axis labels for the Geiger-Miiller experiment




Histogram Fit Sheet

2] Bookt E=0[EER
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13 117.5 6 95 95 80.6006 0.58537
14 120.5 1 96 96  80.65065 0.59328
15 1235 1 97 97 80.7007 0.60127
16 126.5 97 80.75075 0.60935
17 1205 | New sheet with fit data 100 80.8008 0.61753
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Generating a Function

Sometimes you want to plot a function over some interval

Enter the first few values of the independent variable (next
slide)
Block those values

Set the cursor at the bottom right of the column until the
cursor becomes a plus sign (next slide)

Drag the cursor down for the number of rows
corresponding to the range of x that you want to plot

— To increase the number of rows, click on the bottom cell and hit
Enter

Block column to be used for dependent values

Set column values: enter expression for function to be
plotted

Plot!
Adjust axes, titles and legend to suit taste.



Example: Y = X3 for -10<X<10

Edit View Plot Column Worksheet Analysi
RBRR .DBR SESkE

a = T Default: Arial >+ 9 * B 4

20
21
22
23

JUY
i+ Bookl

A(X) B(Y)

Long Name
Units
Comments
1 -10

Loyl S0 SR RN S

24
25
26
27
28
29
30
31
32
33
34

Enter 2-3 values
and block
Move cursor to

36
37
38
39
40

41
49

bottom right
corner of cell (+)

Drag cursor
to last x-value

Set values

AX) B(Y) @

-10 -1000
-9.5 IEIRTE

-9 -729
a-ral -614.125

-8 -512
MEl -421.875
-7 -343
Rl -274.625
-6 -216
ekl -166.375
-5 -125
-4.5 -91.125

-4 -64
3.5 -42.875

ull
#  Set Values - [Book1]She

~

Formula wecol(l) Col(2

Raow [i): From <auto> T

(k<] [<4] | coll

col (A)"3

Recalculate |Manual v ]

s =

Enter the

value in c
blocked ¢

cube of the
ol(A) in the
olumn




6-0=0=0-0"

Y

1000 -
800 -

600

400

200 —

38



Integrating with Origin

e Useful analyzing optical data
— Integrated intensity of an emission peak

* Chemical analysis: finding the total amount of
material from an absorption curve
— Beer’s Law

— Concentration is proportional to absorbance

e Easier and more accurate than olden times when
Professor Luty plotted data an paper, cut out
curve with scissors and weighed paper!



Mercury Emission Spectrum

150W

Model: Integrated emission intensity is
proportional to spectrometer slit width
To test model we need to be able to
calculate the integrated intensity!
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Multiple Plots on a Graph

* Most common: several values of y with a
common X

— Import data

e Simply block copy and import from Excel
* File:Import:Multiple ASCII

— Assumes data are in ASCIl format!
— Requires manipulation of columns after importing

— You will have multiple columns with one headed by X
and the others Y1, Y2...

— Label each column and give units

— Block contents of each column to be plotted (click
above)

— Plot: Line and symbol: Line and symbol
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Multiple Plots, Continued

If mu Itl ple pIOtS have He Tcolumn Properties - [Book1lSheetl!(C) lecnlnz i
different x values P [ Vo> |

II | Properties | Enumerate Labels | User Tree |
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have at Ieast four LOItIg Name Second Y Set
columns of data o
Comments
— Double click on the o
header cell of your . 4
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second set of x-values . -
° x P
— DeSIgnate second /m“'/> ;
Display X Error .
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Top lcon Bar: Left
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Top Icon Bar: Second from Left

Open Save

Excel T Template

Import ASCII
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Top Icon Bar: Third from left

W

Slide
show
of
graphs

Open
Video
Builder

Duplicate

Project
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window
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Top lcon Bar: Fourth from Left
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Top icon Bar: Right

Data filter

Set as

Enable/
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Y X

Add/
1 remove

Reapply
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Y error
bars
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disregard
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subject "
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Pointer
cursor!

Scale out

Data reader

Regional data
selector

Draw data

| | Left Icon Bar: Top

Scale in

Screen reader

Data selector

-

Regional mask
tool

Insert text
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Insert rectangle

Insert equation

Rescale tool

Insert arrow )
d

N

~

Left Icon Bar:

. Bottom
Insert line

Zoom-panning tool

Insert graph

mICFEIE G O \

Rotate tool
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Iy Paste

—E
- C

Paste Link

Paste Link Transpose
Add Text...
Add/Modify Layer Title

Insert Images From Files...

Insert OLE Object
Clear Data Markers
Analysis Markers
Show All Data Plots

New Legend
Update Legend...

Enhanced Legend

BEH NewTable...

Ctri=V

Ctri=Alt=V

Right Click Graph:

Upper Half

Ctri<Alt=N

Ctri=L
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Ez3) |

New Color Scale

New XY Scale
Go to Bookl
Display Caching
Mask

Copy Format

Paste Format

Save Format as Theme...

Plot Setup...
AXIS...

Plot Details...

Layer Contents...

Right Click Graph:
Lower Half
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Right Click Upper Border of Graph

\

El Graph1 \ ‘ =
1 Show Script Panel —
lﬁ[ Save As...
]
e Add Shortcut to Favorites
200 - Go to Original Folder
’ View Full Screen Ctrl=Shift=+)
180
] E Print
160 + = Duplicate
140 | Hide
. #| Refres
Refresh Fs
120 4
| E Save Template
a8 100 - Save Template As...
80 - Properties...
60 -
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Miscellany and Minutiae

* Huge amounts of stuff can be accessed by
right clicking
— The menu you get depends on where the cursor is
pointed when you right click

 |f your graph fills the screen you can reduce it
and access the book/worksheet by clicking the
expand/contract icon in the upper right

 What else belongs here? Lots!



* To add Greek or other special characters to a
text box

— CTRL M
— Note that there is only one page of options



