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Graphs and Relationships

OBJECTIVES:

1. Construct graphs from data, choosing suitable scales for the axes.

2. Draw qualitative graphs to represent dependencies and interpret graph behaviour.

3. Determine the values of physical quantities from graphs.

4. Draw best-fit lines to data points on a graph.

5. Represent random uncertainty graphically as an “error bar”.
The results of an experiment are often used to plot a graph. A graph can be used to verify the relation between two variables and, at the same time, give an immediate impression of the precision of the results. When we plot a graph, the independent variable is plotted on the horizontal, or x, axis. (The independent variable is the cause and the dependent variable is the effect.)  The starting point of the scale may or may not start at zero.  The scale will depend on the data that has been collected.

If one variable is directly proportional to another variable, then a graph of these two variables will be a straight line passing through the origin of the axes. So, for example, Ohm's Law has been verified if a graph of voltage against current (for a metal conductor at constant temperature) is a straight line passing through (0,0). Similarly, when current flows through a given resistor, the power dissipated is directly proportional to the current squared. If we wanted to verify this fact we could plot a graph of power (vertical) against current squared (horizontal). This graph should also be a straight line passing through (0,0).

The "best-fit" line is the straight line which passes as near to as many of the points as possible. By drawing such a line, we are attempting to minimise the effects of random errors in the measurements.

For example, if our points look like this

	


our best-fit line should be as shown in the next diagram.
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Notice that the best-fit line does not necessarily pass through any of the points plotted.

The slope of a graph tells us how a change in one variable affects the value of another variable.

To measure the slope, proceed as follows.

	1.
	Find out what one small square represents vertically. For example, one small square might represent 0·01volts or 10metres etc. This is the vertical scale.

	2.
	Find out what one small square represents horizontally. For example, one small square might represent 0·002Amps or 0·5seconds etc. This is the horizontal scale.

	3.
	Count the number of small squares, Ny, between y1 and y2 (see diagrams below), and work out the change that this figure represents. 

vertical change = Ny × (vertical scale)

	4.
	Count the number of small squares, Nx, between x1 and x2 (see diagrams below), and work out the change that this figure represents. 

horizontal change = Nx × (horizontal scale)

	5.
	Now, the slope of the graph is defined as 
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and must, of course, be stated in the appropriate UNITS.




(x1,y1) and (x2 ,y2) can be the co-ordinates of any two points on the line but for best precision, they should be as far apart as possible as shown in the two examples below.
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In the second graph, it is clear that y decreases as x increases so in this case, the slope is negative.

	[image: image4.jpg]Y2

¥i






Instead of plotting points on a graph we sometimes plot lines representing the uncertainty in the measurements. These lines are called error bars and if we plot both vertical and horizontal bars we have what might be called "error rectangles", as shown below
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x was measured to ±0·5s
y was measured to ±0·3m

The best-fit line could be any line which passes through all of the rectangles. Assuming that the line passes through zero, use the example above to estimate the maximum and minimum slopes of lines which are consistent with these data. (The diagram is too small to expect accurate answers but you should find about 1·06ms-1 maximum and about 0·92ms-1 minimum.)

Usually we will plot results which we expect to give us a straight line. If we plot a graph which we expect to give us a smooth curve, we might want to find the slope of the curve at a given point; for example, the slope of a displacement against time graph tells us the (instantaneous) velocity of the object.

To find the slope at a given point, draw a tangent to the curve at that point and then find the slope of the tangent in the usual way. In the following graph, a tangent to the curve has been drawn at x = 3s. The slope of the graph at this point is given by y / x = (approximately) 6ms-1.
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