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Physics A Level Study Pack

Part 3

Drawing Graphs

Introduction

Another essential skill in Physics is the ability to produce a clear and accurate graph from a set of values from an experiment.   We use graphs because the visual information in the line is easier to interpret than a list of values.   They can also be used to take errors into account, and to show up possible mistakes.

If you are given a set of data, the best way to obtain values from it is to PLOT A GRAPH.

Good Graph Practice

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Use a sharp pencil for all lines and points.  Preferably, use pencil for everything: if you make a mistake in pen (and everyone makes mistakes plotting graphs) you cannot rub it out.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Plot your points as small crosses (SYMBOL 180 \f "Symbol" or +) so it will be easy to draw a line through the centre and still see where the point is.  Dots will be obliterated by the line, and large dots are inaccurate.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Label your axes with the quantity and its units.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Choose a sensible scale that fills as much of the page as possible.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Make sure you have a 30cm ruler available.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Put a title on the graph, explaining what it is showing.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
If you are plotting more than one line on the same axes, either label the lines or use a key.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
NEVER draw a bar chart unless strictly asked to do so.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Always draw a line or curve of best fit.   NEVER do dot-to-dot!

Straight Line Graphs

Most graphs that you plot will be straight lines.   When you come to draw the line in, you must draw a line of best fit: the line that goes as near as possible to as many points as possible, and has roughly the same number of points below the line as above it.   Sometimes it will be easy to draw, other times it will be difficult.   You may find that a transparent plastic ruler helps.


Any points that seem to be way out of line with the rest can be assumed to be the result of an error somewhere, and should not be taken into account when fitting the line.   Look at the diagram over the page.
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This point is obviously wrong

and should be ignored.


Once you have plotted the graph, you can get some values from it:

Firstly there is the intercept.   This is where the line crosses the y axis.

Secondly, there is the gradient, or slope of the graph.   To work this out, you need to draw a right angled triangle on the line.   Make this triangle as big as is possible on the paper, as this will improve the accuracy of your result.
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The gradient is calculated by:     
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The units of the gradient come from the units of the axes, eg: if y was time in seconds and x was distance in metres, then the units of the gradient would be metres SYMBOL 184 \f "Symbol" seconds, ie: 
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Note: The intercept can only be read from the x=0 line.

Straight Line Formula

Any relationship which produces a straight line graph is said to be linear.   The equation for a linear graph is always of the form:
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where: 
x and y are the two variables


m is the gradient


c is the intercept.

If an equation can be rearranged into this form, then a straight line graph can be produced.

Turning a formula into a straight line graph

Rearranging a formula into straight line form takes a bit of practice.  Here is an example:

The time period of a pendulum is related to its length by the formula 
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.  We have a set of values of T and l.  What graph should we plot?

Firstly, we rearrange the formula slightly:
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To make this equivalent to 
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   and c=0

So we need to plot a graph with 
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 on the y axis and l on the x axis.  We can measure the gradient m and can then calculate a value for g using
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Note: On some graphs, only the gradient can be used, on others only the intercept can be used, and on some both can be used.

Exercise 1

For each of the following relationships, rearrange the formula into a straight line from, and say which quantities to plot on which axes.  Then show how to calculate the desired values from the gradient and/or intercept.


1.
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Data available: W, SYMBOL 68 \f "Symbol"l



x axis:

y axis:



to calculate k:



2.
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Data available: v, t



x axis:

y axis:



to calculate u:



to calculate a:



3.
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Data available: I, SYMBOL 102 \f "Symbol"

x axis:

y axis:



to calculate n:



to calculate B:



4.
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Data available: u, v



x axis:

y axis:



to calculate f:



5.
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Data available: h, T

x axis:

y axis:



to calculate g:



to calculate k:


Exercise 2

In an experiment to investigate how the length of a tube affects its resonant frequency, a set of corresponding values of length, l, and frequency f, were collected.   It is known that the relationship between them is governed by the equation
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where:
e is a constant of the tube, called the end correction, and is measured in the same units as the length.


v is the speed of sound in air.

1.
Rearrange the formula into a straight line form.

2.
The following table lists the values of l and f that were collected.   The third column has been left blank; you should need to use it.


l (m)
f (Hz)


0.10
720





0.20
380





0.25
320




0.40
205




0.45
175




0.50
160




0.60
135




0.70
115




0.80
100



3.
Plot a graph that will produce a straight line, using the rearranged formula from part 1.

4.
Measure the gradient 




and the intercept



5.
Calculate values for v and e, including their units.

Curves
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and should be ignored.


Not all graphs can be put into a straight line form, and sometimes we actually want to produce a curve on a graph.   When you are drawing a curve to a set of points, try to draw a smooth curve of best fit, and avoid lines that wobble up and down:

Because it is not a straight line, the curve does not have a gradient.   However, you can measure the gradient at a point by drawing a line at a tangent to the curve at a particular place, then calculating the gradient of that as before.   The gradient of a curve represents the rate of change of y with respect to x.
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When you are asked to calculate the gradient of a curve, always draw the tangent, and make the triangle nice and big, to reduce errors.   It also helps to write the values of SYMBOL 68 \f "Symbol"X and SYMBOL 68 \f "Symbol"Y on the sides of the relevant triangle.

Exercise 3

Plot the following set of data, with time an the x axis and current on the y axis:


Time (s)
Current (A)


0
0.0


5
1.55


10
2.75


15
3.70


20
4.42


25
5.00


30
5.43


35
5.80


40
6.05


45
6.26


50
6.43

Calculate the gradient (including units) at the following times:


10s: gradient=



20s: gradient=



38s: gradient=
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