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In this document, you'll learn:

o why x — y graphs are useful

Terry Sturtevant Graphing Wilfrid Laurier University



Overview
Introduction
Graphing
Graphical Analysis
Recap

Overview

In this document, you'll learn:
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o how to show uncertainties on x — y graphs
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Overview

In this document, you'll learn:
o why x — y graphs are useful
o how to show uncertainties on x — y graphs

o what kind of lines or curves are meaningful and should be
shown on a graph
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Why do we use graphs?
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Why do we use graphs?

o A physical law is a mathematical relationship between
measurable quantities.
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Why do we use graphs?

o A physical law is a mathematical relationship between
measurable quantities.

o A graph is a visual representation of such a relationship.
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o A graph will usually contain both data points and a fitted
curve showing the function which the data should follow.
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o A graph will usually contain both data points and a fitted
curve showing the function which the data should follow.

o The term “curve” may include a straight line.
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o A graph will usually contain both data points and a fitted
curve showing the function which the data should follow.

o The term “curve” may include a straight line.

o In fact, it is often easiest to interpret results when an equation
has been linearized so that the graph should be a straight
line.
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Data tables
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?
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Every table should
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?
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Data tables

Every table should

o have ruled lines outside and separating columns, etc. to make
it neat and easy to read
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Data tables

Every table should

o have ruled lines outside and separating columns, etc. to make
it neat and easy to read

o have meaningful title and column headings
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Data tables

Every table should

o have ruled lines outside and separating columns, etc. to make
it neat and easy to read

o have meaningful title and column headings

o not be split up by page breaks
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Data tables

Every table should

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o have ruled lines outside and separating columns, etc

it neat and easy to read

o have meaningful title and column headings

. to make

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)
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Data tables

Every table should

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o have ruled lines outside and separating columns, etc

it neat and easy to read

o have meaningful title and column headings

. to make

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

o have a number associated with it
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Data tables

Every table should

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o have ruled lines outside and separating columns, etc

it neat and easy to read

o have meaningful title and column headings

. to make

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

o have a number associated with it (such as “Table 1")
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Data tables

Every table should

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o have ruled lines outside and separating columns, etc

it neat and easy to read

o have meaningful title and column headings

. to make

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

o have a number associated with it (such as “Table 1") for
reference elsewhere in the report,
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Data tables

Every table should

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o have ruled lines outside and separating columns, etc

it neat and easy to read

o have meaningful title and column headings

. to make

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

o have a number associated with it (such as “Table 1") for
reference elsewhere in the report, and a name,
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Data tables

Every table should

o have ruled lines outside and separating columns, etc. to make
it neat and easy to read

o have meaningful title and column headings

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

o have a number associated with it (such as “Table 1") for
reference elsewhere in the report, and a name, (such as “Steel
Ball Rolling down Incline”)
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Data tables

Every table should

o have ruled lines outside and separating columns, etc. to make
it neat and easy to read

o have meaningful title and column headings

@ not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

o have a number associated with it (such as “Table 1") for
reference elsewhere in the report, and a name, (such as “Steel
Ball Rolling down Incline”) which makes it self—explanatory
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Data tables

Every table should

Qo

have ruled lines outside and separating columns, etc. to make
it neat and easy to read

have meaningful title and column headings

not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

have a number associated with it (such as “Table 1") for
reference elsewhere in the report, and a name, (such as “Steel
Ball Rolling down Incline”) which makes it self—explanatory

include the information required for any numerical data,
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Data tables

Every table should

Qo

have ruled lines outside and separating columns, etc. to make
it neat and easy to read

have meaningful title and column headings

not be split up by page breaks (ie. unless a table is bigger
than a single page, it should all fit on one page.)

have a number associated with it (such as “Table 1") for
reference elsewhere in the report, and a name, (such as “Steel
Ball Rolling down Incline”) which makes it self—explanatory
include the information required for any numerical data, ie.
units, uncertainties, etc.
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

i Xi ‘ Ax; t; ‘ At;
(cm) (s)
110401 003|00)| 0.1
21077100420 0.1
31135004 |27 0.1

Table 1: Block sliding down a ramp
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Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

i Xi ‘ Ax; t; ‘ At;
(cm) (s)
110401 003|00)| 0.1
21077100420 0.1
31135004 |27 0.1

Table 1: Block sliding down a ramp
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Recap
Sample data table:
i X; ‘ Ax; t; ‘ At;
(cm) (s)
1,040]0.03|00] 0.1
21077 1004|201 0.1
3113500427 0.1

Table 1: Block sliding down a ramp
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Recap
Sample data table:
i Xi ‘ Ax; t; ‘ At;
(cm) (s)
1,040]0.03|00] 0.1
21077 1004|201 0.1
3113500427 0.1

Table 1: Block sliding down a ramp
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

i X; ‘ Ax; t; ‘ At;
(cm) (s)
110401 003|00)| 0.1
21077100420 0.1
31135004 |27 0.1

Table 1: Block sliding down a ramp
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Recap
Sample data table:
i Xi ‘ Ax; t; ‘ At;
(cm) (s)
1/040|0.03]00] 0.1
21077 1004|201 0.1
3113500427101

Table 1: Block sliding down a ramp
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Data tables for graphing
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apmes Re\g; Should the fit go though the origin?

Data tables for graphing

Any data used to plot a graph must be presented in a table.

Terry Sturtevant Graphing Wilfrid Laurier University



Overview
Introduction
Graphing
Graphical Analysis
Recap

Data tables for graphing

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Any data used to plot a graph must be presented in a table.

o Often data collected in an experiment are in a different form
than that which must be plotted.
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Data tables for graphing

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Any data used to plot a graph must be presented in a table.

o Often data collected in an experiment are in a different form
than that which must be plotted.

(For instance, masses are measured but a graph requires

weights.)
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Data tables for graphing

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Any data used to plot a graph must be presented in a table.

o Often data collected in an experiment are in a different form
than that which must be plotted.

(For instance, masses are measured but a graph requires

weights.)

o In this case, the data which is to be plotted should be in a

data table of its own.
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Parts of a Graph

Graphln_g Is the origin a data point?
Graphical Analysis Should the fit go though the origin?
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Data tables for graphing

Any data used to plot a graph must be presented in a table.

o Often data collected in an experiment are in a different form
than that which must be plotted.

(For instance, masses are measured but a graph requires
weights.)

o In this case, the data which is to be plotted should be in a
data table of its own.

This makes it easy for a reader to compare each point in the
data table with its corresponding point on the graph.
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Data tables for graphing

Any data used to plot a graph must be presented in a table.

o Often data collected in an experiment are in a different form
than that which must be plotted.

(For instance, masses are measured but a graph requires
weights.)

o In this case, the data which is to be plotted should be in a
data table of its own.

This makes it easy for a reader to compare each point in the
data table with its corresponding point on the graph.

o The data table should include the size of error bars for each
point, in each dimension.
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Data tables for graphing

Any data used to plot a graph must be presented in a table.

o Often data collected in an experiment are in a different form
than that which must be plotted.

(For instance, masses are measured but a graph requires
weights.)

o In this case, the data which is to be plotted should be in a
data table of its own.

This makes it easy for a reader to compare each point in the
data table with its corresponding point on the graph.

o The data table should include the size of error bars for each
point, in each dimension.

o Units in the table should be the same as on the graph.
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Title
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?
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Parts of a Graph

Graphi ‘G/(anprmig Is the origin a data point?
aphica R?QZZ: Should the fit go though the origin?

Title

o Title of a graph should make the graph somewhat
self—explanatory.
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Title

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o Title of a graph should make the graph somewhat

self—explanatory.

Bad choice; "y vs. x"
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Title

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o Title of a graph should make the graph somewhat

self—explanatory.

Bad choice; "y vs. x"

Good choice; “Object in Free Fall”

Terry Sturtevant
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Axis Labels

Terry Sturtevant

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?
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Parts of a Graph

Graphi ‘G/(anprmig Is the origin a data point?
aphica R?QZZ: Should the fit go though the origin?

Axis Labels

o Like titles, labels should make graph self-explanatory
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Parts of a Graph

Graphi ‘G/(angrlnig Is the origin a data point?
apmiea Rezzs Should the fit go though the origin?

Axis Labels

o Like titles, labels should make graph self-explanatory

Bad choice; “m"” and “/"
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Axis Labels

o Like titles, labels should make graph self-explanatory
Bad choice; “m"” and “/"

Good choice; “added mass (m) in grams”, and “length of
spring (/) in cm”
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Graphln_g Is the origin a data point?
Graphical Analysis X .
Should the fit go though the origin?
Recap

Axis Labels

o Like titles, labels should make graph self-explanatory
Bad choice; “m"” and “/"

Good choice; “added mass (m) in grams”, and “length of
spring (/) in cm”
Note:
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Graphln_g Is the origin a data point?
Graphical Analysis N -
Should the fit go though the origin?
Recap

Axis Labels

o Like titles, labels should make graph self-explanatory
Bad choice; “m"” and “/"

Good choice; “added mass (m) in grams”, and “length of
spring (/) in cm”
Note: symbols are still included
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Axis Labels

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o Like titles, labels should make graph self-explanatory

Bad choice; “m"” and “/"

Good choice; “added mass (m) in grams”, and “length of

spring (/) in cm”

Note: symbols are still included

o Units must be included with axis labels.
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Wrong: Data, (not empty space), should fill most of the graph
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Graphln_g Is the origin a data point?
Graphical Analysis X .
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OOOO

wasted space

Wrong: Data, (not empty space), should fill most of the graph
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Plotting Points
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Plotting Points

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

o Data points must be fitted with error bars to show
uncertainties present in the data values.
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Plotting Points

o Data points must be fitted with error bars to show
uncertainties present in the data values.

If the uncertainties in either or both dimensions are too small
to show up on a particular graph, a note to that effect should
be made on the graph so that the reader is aware of that fact.
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Graphln_g Is the origin a data point?
Graphical Analysis Should the fit go though the origin?
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Plotting Points

o Data points must be fitted with error bars to show
uncertainties present in the data values.
If the uncertainties in either or both dimensions are too small
to show up on a particular graph, a note to that effect should
be made on the graph so that the reader is aware of that fact.

Do not connect the points like a dot-to-dot drawing!
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Is the origin a data point?
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Gra 1h\C3‘G/(anF;R12§ Is the origin a data point?
phica R}éap Should the fit go though the origin?

Is the origin a data point?

Sometimes an experiment produces a graph which is expected to
go through (0, 0).
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Data Tables
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Gra )h\ca\G/(angnlzi% Is the origin a data point?
P éeéap Should the fit go though the origin?

Is the origin a data point?

Sometimes an experiment produces a graph which is expected to
go through (0,0). Should (0,0) be included as a data point?
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Is the origin a data point?

Sometimes an experiment produces a graph which is expected to
go through (0,0). Should (0,0) be included as a data point?

o Include (0,0) as a data point only if you have measured it
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Is the origin a data point?

Sometimes an experiment produces a graph which is expected to
go through (0,0). Should (0,0) be included as a data point?

o Include (0,0) as a data point only if you have measured it

It's just like any other data point.
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Graphln_g Is the origin a data point?
Graphical Analysis X .
) Should the fit go though the origin?
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Is the origin a data point?

Sometimes an experiment produces a graph which is expected to
go through (0,0). Should (0,0) be included as a data point?

o Include (0,0) as a data point only if you have measured it
It's just like any other data point.

It isn’'t magic.
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Graphi ‘G/(angrlnig Is the origin a data point?
aphica Rel’z; Should the fit go though the origin?

Should the fit go though the origin?
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Should the fit go though the origin?

Often a graph which is expected to go through the origin will not
do so due to some experimental factor which was not considered in

the derivation of the equation.

Terry Sturtevant
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Parts of a Graph

Graphi ﬂG/(«’:[;RmE Is the origin a data point?
aphica ;éegn Should the fit go though the origin?

Should the fit go though the origin?

Often a graph which is expected to go through the origin will not
do so due to some experimental factor which was not considered in
the derivation of the equation. It is important that the graph show
what really happens so that these unconsidered factors will in fact
be noticed and adjusted for.

Terry Sturtevant Graphing Wilfrid Laurier University



Overview
Introduction
Graphing
Graphical Analysis
Recap

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Should the fit go though the origin?

Often a graph which is expected to go through the origin will not

do so due to some experimental factor which was not considered in
the derivation of the equation. It is important that the graph show
what really happens so that these unconsidered factors will in fact

be noticed and adjusted for.

o If the origin is a data point, it is no more “sacred” than any

other data point.

Terry Sturtevant
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Should the fit go though the origin?

Often a graph which is expected to go through the origin will not

do so due to some experimental factor which was not considered in
the derivation of the equation. It is important that the graph show
what really happens so that these unconsidered factors will in fact

be noticed and adjusted for.

o If the origin is a data point, it is no more “sacred” than any

other data point.

Don't force the graph through (0,0) any more than you would

through any other point.

Terry Sturtevant
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Should the fit go though the origin?

Often a graph which is expected to go through the origin will not
do so due to some experimental factor which was not considered in
the derivation of the equation. It is important that the graph show
what really happens so that these unconsidered factors will in fact
be noticed and adjusted for.

o If the origin is a data point, it is no more “sacred” than any
other data point.

Don't force the graph through (0,0) any more than you would
through any other point.

Doing a least squares fit will protect you from this temptation.
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

Here's what you expect.
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Here are the data.

Terry Sturtevant Graphing Wilfrid Laurier University



Overview
Introduction
Graphing
Graphical Analysis
Recap

Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

This is the line of best fit.
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Data Tables

Parts of a Graph

Is the origin a data point?

Should the fit go though the origin?

< Don't draw this one!

A line through the origin is not always the best fit, even if that’s

what you expected.
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Graphical Analysis
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Graphical Analysis

Note that the slope and y—intercept and their uncertain-
ties should have units.
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Graphical Analysis

Note that the slope and y—intercept and their uncertain-
ties should have units.

o The units of the y—intercept should be the same as the y
variable.
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Graphical Analysis

Note that the slope and y—intercept and their uncertain-
ties should have units.

o The units of the y—intercept should be the same as the y
variable.

o The slope should have units of
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Graphical Analysis

Note that the slope and y—intercept and their uncertain-
ties should have units.

o The units of the y—intercept should be the same as the y
variable.
o The slope should have units of [slope] = %
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Curve Fitting
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Curve Fitting

The curve (or line) you draw through your data should be based on
your mathematical model,
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Curve Fitting

The curve (or line) you draw through your data should be based on
your mathematical model, not just any curve which fits the points.
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Curve Fitting

The curve (or line) you draw through your data should be based on
your mathematical model, not just any curve which fits the points.

Don't just use a polynomial of degree N — 1 to fit N data
points!.
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Curve Fitting

The curve (or line) you draw through your data should be based on
your mathematical model, not just any curve which fits the points.

Don't just use a polynomial of degree N — 1 to fit N data
points!.

If your curve fits all of the points exactly, you don’t have enough
datal!
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Curve Fitting
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Wrong: Graphs should not have meaningless curves just to fit the
data
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Do not use an arbitrary function just because it goes
through all the data points!

Terry Sturtevant Graphing Wilfrid Laurier University




Overview
Introduction

Graphing Curve Fitting
Graphical Analysis
Recap

The curve (or line) you draw through your data should be smooth,
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The curve (or line) you draw through your data should be smooth,
not made of line segments which fits the points.
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Wrong: Graphs should not look like dot-to-dot drawings
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Wrong: Graphs should not look like dot-to-dot drawings

Terry Sturtevant Graphing Wilfrid Laurier University



Overview
Introduction

Graphing Curve Fitting
Graphical Analysis
Recap

Wrong: Graphs should not look like dot-to-dot drawings
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Wrong: Graphs should not look like dot-to-dot drawings
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Wrong: Graphs should not look like dot-to-dot drawings

Terry Sturtevant Graphing Wilfrid Laurier University



Overview
Introduction

Graphing Curve Fitting
Graphical Analysis
Recap

Wrong: Graphs should not look like dot-to-dot drawings
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: The curve or line should be smooth
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Your graphs should not look like a dot—to—dot drawing.
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If you are plotting the points using the computer, draw the curve
by hand if necessary to avoid this problem.
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If you are plotting the points using the computer, draw the curve
by hand if necessary to avoid this problem. However, do not fit
data to a curve with no physical significance simply so that all of
the points fit.
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Recap
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Recap

@ Graphs make it easy to see how consistently data fit
relationships.
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Recap

@ Graphs make it easy to see how consistently data fit
relationships.

@ Error bars on the data points show uncertainties in the data
graphically.
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Recap

@ Graphs make it easy to see how consistently data fit
relationships.

@ Error bars on the data points show uncertainties in the data
graphically.
Lines or curves shown on the graph should reflect underlying
trends in the data, rather than specific data values or
mathematical expectations.
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