Junior Cert Science Exam Questions which involve graphs

Please remember to photocopy 4 pages onto one sheet by going A3→A4 and using back to back on the photocopier

Since this science course was first examined in 2006 graph questions have become quite common.
There are different types of graph questions, and we will look at each of these different types in turn. 
There is nothing scary here, and you have probably covered them all in maths anyway. It’s just that the science textbooks don’t seem to do a very good job of telling us why we have them in the first place, or why there are different types.

Why do we have graphs? 
You won’t get asked this so you don’t have to learn it off by heart – I just thought you deserved to know.

There are many different reasons, but we’ll just look at two here.
Reason 1: 
To see what the relationship is between two variables, e.g. between the extension of a string and the force which caused it.
Now assuming that a bigger force causes a bigger extension, the question is; are the two quantities directly proportional? i.e. if the size of the force doubles then the extension should be twice as much, if the force triples the extension will be three times as much etc.
Another way of saying this is that the two quantities increase at the same rate (as force is increased the extension increases at the same rate).
Or finally the scientific way of saying this is to say that the two quantities are directly proportional to each other (you must learn the phrase in italics off by heart because it gets asked a lot as you will see below).

To investigate this you would plot the results on a graph, and if the two quantities are directly proportional then you will find that if you draw a line through the points you will end up with a straight line through the origin (the origin is the (0,0) mark).

Reason 2: 
In some graphs the slope of the line gives us some extra information (and you must know what this is).
There are only three graphs which fall into this category so make sure that you know each of them.
1. The slope of a distance-time graph corresponds to the speed (or velocity) of the moving object 
2. The slope of a velocity-time graph corresponds to the acceleration  of the moving object 
3. The slope of a voltage-current graph corresponds to the resistance of the resistor under investigation.

Note that for each of these graphs you will also get a straight line going through the origin, which verifies that the two quantities are directly proportional to each other.

Which brings us to our next problem – how do we calculate the slope of a line?

To calculate the slope of a line
Pick any two points (from the graph) and label one point (x1y1) and the second point (x2y2).
Make life easy for yourself by picking (0,0) as one of the points (assuming the line goes through the origin).



You must then use the formula:


Note that you can also find this formula on page 18 of the new log tables

Yo - Which axis is the y-axis?
Remember the yo-yo? It goes up and down right? Well so does the y axis (and it begins at zero) so y-zero = yo
Now that’s just freaky.


Plotting data on a graph
	Velocity (m/s)
	0
	10
	20
	30
	40
	50

	Time (s)
	0
	1
	2
	3
	4
	5


Example: Plot the following data on a graph. 
Put velocity on the y-axis and time on the x-axis.

The six points are written as follows: (0, 0) (1, 10) (2, 20), (3, 30) (4, 40) (5, 50)
The first number in each set of brackets corresponds to the how far over you go on the x-axis, and the second number corresponds to high up you go on the y-axis.
[image: ]In Junior Cert exam papers all the points will lie on a straight line, so make sure that you don’t join the dots by hand; you must use a ruler and draw one line going up through all points.

However when you carry out experiments in the lab it is almost impossible to do the experiment perfectly and the equipment itself may not work exactly as it should, so the points won’t form a perfect line. Your job then is to guess where the line should be if the experiment was carried out perfectly.
See for example HL 2007 Question 5 (a), page 14

To calculate the slope of a graph


Remember the formula:

We can pick any two points, so we will pick (0, 0) and (5, 50) as our values for (x1, y1) and (x2, y2).
This means x1 = 0, x2 = 5, y1 = 0, y2 = 50.
Substituting this into our formula we get


Check that you get the same answer by using the following two points: (2, 20) and (4, 40).

Reading the graph
Example: Using the graph, estimate the time when the velocity was 37 m/s.
Here you must show that you are using the graph, so don’t just look at the graph and guess (or even worse, try to figure it out from the table). 
Find out where 37 is on the velocity axis and then draw a line in pencil over to the graph and then straight down to the second axis to get a value in this case of 3.7 seconds.

Distance - Time graph
 (
Remember that the slope of a 
distance-time graph
 corresponds to the 
speed
 (
or velocity
) of the moving object 
)



OL 2008 Question 9 (c) 
A cyclist moved along a track.
The distance travelled by the cyclist was measured every 2 seconds.
The data collected is presented in the table below.
	Distance travelled (m)
	0
	10
	20
	30
	40

	Time (s)
	0
	2
	4
	6
	8





[image: ]
(i) Use this data to draw a graph of distance travelled (y-axis) against time (x-axis) using the grid provided below.

(ii) Use the graph to estimate the distance travelled by the cyclist in 5 seconds. 

(iii) Calculate the speed of the cyclist in m s–1 (m/s). 


Answer
(i) Correct line going through the origin 
(ii) 25 m  
(iii) The speed corresponds to the slope of the graph so take any two points and use the slope formula to get slope = 5 m/s 







Velocity - Time graph
 (
Remember that the slope of a 
velocity-time graph
 corresponds to the 
acceleration
 
of the moving object 
)



HL 2009 Question 9 (c)
A stone was dropped from the top of a tall cliff. The stones approximate velocity was measured each second as it fell. The data collected during this experiment is given in the graph.
(i) Define velocity. 
(ii) Use data from the graph to estimate the acceleration of the stone as it fell. Give the units of acceleration with your answer. 

[image: ]

Answer:
(i) Velocity is defined as speed divided  by distance travelled in a given direction
(ii) The acceleration corresponds to the slope of the graph so take any two points and use the slope formula to get 
slope = 10 m/s/s or 10 m s-2  or10  m/s2

Voltage – Current Graphs: example 1
 (
Remember that the slope of a 
voltage-current graph
 corresponds to the 
resistance
 of the resistor under investigation.
)



Note that this graph seems to come up a lot!!!

HL 2007 Question 9 (b)
Note that you did have to know about the experiment to answer the first two parts of this question but for now we will just concentrate on the graph parts.
[image: ]
A pupil used this circuit to get a set of readings from both meters for different values and then plotted this data in the graph shown.
Use this graph to calculate the resistance of resistor R shown in the diagram.

Give the unit of resistance with your answer.


Answer
[image: ]
The resistance corresponds to the slope of the graph.
Pick two points from the graph and use the formula to get slope = 12 Ω or 12 Ohms 









Voltage – Current Graphs: example 2

Note that you don’t need to know anything about electricity (other than the slope of the graph corresponds to the resistance) to answer the question.

OL 2007 Question 9 (b) 
Draw a graph of the voltage (y-axis) against the current (x-axis) in the grid provided on the right. 
What conclusion can you draw from the graph about the relationship between the potential difference (voltage) and the current passing through the wire conductor? 
	Voltage (V)
	0
	2
	4
	6
	8

	Current (A)
	0
	0.5
	1.0
	1.5
	2.0





[image: ]







Answer:
(i) The graph should go through all 4 points and should be a straight line going through the origin.

(ii)Potential difference is directly proportional to current.













 




Voltage – Current Graphs: example 3
HL 2009 Question 8 (c)
A pupil performed an experiment on a resistor to investigate the relationship between potential difference (voltage) applied to the resistor and the current flowing through the resistor. The data from this experiment is in the table.
	Potential difference (Volts)
	0
	1
	2
	3
	4
	5

	Current (Amperes)
	0.00
	0.05
	0.10
	0.15
	0.20
	0.25





(i) Draw a graph of potential difference (voltage) on the y-axis against current on the x-axis in the grid below. 
(ii) Calculate the resistance of the resistor used in this experiment. 
(iii) What is the evidence from the graph that potential difference (voltage) is directly proportional to current in this case? 
[image: ]






























[image: ]Answer:
(i) See graph
(ii) The resistance corresponds to the slope of the graph = 20 
(iii) The graph resulted in a straight line through the origin











The relationship between the extension of a spring and the force applied to it: example 1

This also comes up a lot

OL 2009Question 8 (a) 

Again we are only interested in the graph part of the question, which in this case is part (iii), but we include the rest of the question for completeness).

A student investigated the relationship between the extension of a spring and the force applied to it.
[image: ]The equipment shown in the diagram was used.
The data collected is shown in the table.
	Force (N)
	0
	2
	4
	6
	8

	Extension (cm)
	0
	4
	8
	12
	16



The student then drew the graph shown below.
Answer the questions that follow about this investigation. 
(i) Name an instrument used to measure the force in this investigation.
(ii) Describe how the student could have measured the extension of the spring.
(iii) What conclusion would you draw from this investigation?
Answer
(i) Spring balance / Newton meter 
(ii) Using a ruler / metre stick to measure the distance between the original length and the new length each time an extra weight is added.
(iii) Extension is proportional to force applied.





The relationship between the extension of a spring and the force applied to it: example 2
[image: ]
OL 2006 Question 9 (b)
A student carried out an investigation to examine the relationship between the extension (increase in length) of a spring and the force applied to it.
The diagram shows the apparatus used.
The table shows the data collected by the student. 
	Force (N)
	0
	2
	4
	6
	8

	Extension (cm)
	0
	4
	8
	12
	16





(i) Describe how the student could have taken any one of these measurements. 
(ii) Draw a graph of the extension (y-axis) against the force in the grid provided on the right.
(iii) What force results in a 6 cm extension of the spring?
[image: ]



































Answer
(i) Weights: Add (or hang) weights onto the string one at a time and note the size of the weights each time.
    Extension: Use a metre stick to measure the distance between the original length and the new length each time an extra weight is added.
(ii) All points plotted and a straight line drawn which passes through the origin.
(iii) 3 N 

The relationship between the extension of a spring and the force applied to it: example 3

HL 2006 Question 9 (a) 
Robert Hooke (1635-1703) made a number of discoveries including the effect of force on elastic bodies now known as Hooke’s law. 
(i) State Hooke’s law [this is not on the syllabus and should not have been asked].

[image: ]A student was given a box of identical springs and asked to analyse them so that they could be used as newton meters. The student performed an experiment, using the apparatus shown in the diagram, on one of the springs.
In the experiment the student measured the increase in length of the spring caused by a number of weights. The spring was tested to destruction (that is weights were added until the spring was damaged).
The data from the experiment is given in the table. 
	Weight (N)
	0.0
	0.4
	0.8
	1.2
	1.6
	2.0
	2.4

	Extension (cm)
	0.0
	2.0
	4.0
	6.0
	8.0
	8.5
	8.6




(ii) Plot a graph of extension (increase in length – y-axis) against weight (x-axis) in the grid provided. 
[image: ]

(iii) Use the graph to find the weight that would produce an extension of 5 cm in the spring.

(iv) Study your graph carefully.
The spring obeys Hooke’s law for the earlier extensions and then when the spring becomes damaged it does not appear to do so.
Estimate, from your graph, the weight after the addition of which the law seems no longer to apply.

Answer
(i) The extension of a stretched string is directly proportional to the force applied to it.
(ii) See graph underneath
(iii) Weight = 1.0 N (accept range 0.9 to 1.1) 
(iv)1.6 N (accept range 1.6 to 2.0)






[image: ]














The cooling curve: example 1

The cooling curve represents what happens to a material when it cools and changes state. To interpret the graph correctly you must remember that the horizontal section (‘the flat bit’) corresponds to the substance changing state. The theory for this is in your notes so I won’t go into it here.


[image: ]HL 2006 Question 8 (c) 
The graph is a cooling curve. The substance used in this experiment was naphthalene. Naphthalene has a melting point of 80 0C.
The rate of heat loss was constant throughout the experiment.

(i) What is happening to the naphthalene between points A and B on the graph? (A and B should have been indicated here – they correspond to the beginning and end of the horizontal section).
(ii) What is the heat loss, between points A and B, on the curve called?

Answers
(i) It is changing from a liquid to a solid 
(ii) Latent heat of fusion


The cooling curve: example 2
HL 2008 Questions 9 (a)
A pupil heated some lauric acid, which is a solid at room temperature, until it turned into a liquid. 
The lauric acid was then allowed to cool at a uniform rate. The temperature of the lauric acid was taken every minute.
The data from this experiment is given in the table.

	Temperature (0C)
	75
	64
	54
	43
	43
	43
	43
	43
	32
	22
	10

	Time (minutes)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



(i) Draw a graph, using this data, of temperature against time (x-axis) in the grid provided below.
(ii) Explain the shape of the graph that you obtain.
(iii) Use the graph to estimate the melting point of lauric acid.
[image: ]Answers:
[image: ](i) See graph
(ii) Initially the temperature of the liquid falls until it reaches 43 0C.
Here it changes state from a liquid to a solid.
Then the solid cools down.
(iii) 43 0C


Solubility of salt in water: example 1
OL 2009Question 6 (b) 

In a school laboratory, a student investigated the solubility of a salt in water.
The amount of salt which dissolved in water at different temperatures was measured. The data collected is presented in the table below.
	Temperature
°C
	20
	30
	40
	70
	90


	Solubility
g per 100 cm3 of water
	10
	20
	30
	60
	80








(i) [image: ]Use this data to draw a graph of solubility (y-axis) against temperature (x-axis) using the grid provided below. 
(ii) Use the graph to estimate the solubility at 60 °C.
(iii) What can you conclude about the solubility of the salt in water from the graph? 

Answer
(i) Plot the points correctly and draw a straight line passing through all the points.
(ii) 50 ± 2 
(iii) Solubility increases with temperature

 

Solubility of salt in water – example two
HL 2007 Question 5 (a) 
[This graph is more realistic than the others because the line does not go through many of the points due to small errors associated with doing the experiment. 
Your job then is to guess where the line should be if the experiment was carried out perfectly. Try to imagine an invisible line which the points you have drawn are scattered around. It’s best to use a transparent ruler for this so that when you put the ruler down on the page you can still see the points underneath.]

A pupil investigated the effect of temperature on the solubility of the salt ammonium chloride in water. She determined the maximum mass, in grams, of the salt that would dissolve in 100 g of water at various temperatures.
The data from this experiment are given in the table.
	Solubility (g / 100 g water)
	29
	37
	46
	55
	66
	77

	Temperature (0C)
	0
	20
	40
	60
	80
	100





(ii) Plot a graph of solubility against temperature. 
(iii) Use the graph to estimate the solubility of ammonium chloride at 70 oC.
(iv) What conclusion about the solubility of ammonium chloride can be drawn from analysis of the graph?
[image: ]
[image: ]Answer:
(ii) See graph
(iii) 61 (58 to 64 is acceptable) 
(iv) Solubility increases with temperature

Note that because the line does not go through the origin you cannot say that the solubility is directly proportional to temperature.


 

Miscellaneous Graph Questions
HL 2008 Question 5 (a)
[This question was nasty because it is not an experiment that you would have done in class. After you had plotted all the points it still wasn’t obvious whether you needed to draw a straight line (like in the last question) or simple join up the dots in a curve. As it turns out a straight line would be too far away from most of the points so a curve is the only alternative. Still, sometimes the people who set these questions are just plonkers.]

	Solubility 
(mg / 100 g water)
	7.0
	4.3
	3.0
	2.3
	1.4
	0.0

	Temperature (0C)
	0
	20
	40
	60
	80
	100


The limit of solubility (maximum solubility) of oxygen gas (O2) in water was measured, in mg of oxygen per 100 g of water, at a number of different temperatures. These measurements are given in the table.

(i) Draw a graph of solubility (y-axis) against temperature (x-axis) in the grid provided below.
(ii) Use the graph to estimate the solubility of oxygen at 30 °C. 
(iii) What effect has temperature on the solubility of oxygen in water? 
(iv) Global warming has many implications. What implication, which could be inferred (concluded) from the information in the graph, might global warming have for animals that live in water e.g. fish?
[image: ][image: ]
Answer:
(i) See graph
(ii) 3.6
(iii) Solubility decreases as temperature increases.
(iv) As the temperature of the water increases there will be less oxygen left in the water for respiration (breathing)/ fish (animals) die 
 

What is the point of drawing a graph?
Sometimes it is easy to see patterns in a set of results.
Sometimes it is not as easy.


	Distance
m
	Speed
m/s

	0
	0

	10
	5.41

	20
	9.80

	30
	10.99

	40
	11.49

	50
	11.76

	60
	12.20

	70
	12.20

	80
	12.20

	90
	12.05

	100
	0.10




	Time (s)

	Size (m)

	1
	2

	2
	4

	3
	6

	4
	8

	5
	10



	Time
(min)
	Temperature
(oC)

	2
	9.45

	4
	21.21

	6
	29.98

	8
	40.01

	10
	49.69




Speed-time graph for Usain Bolt
Speed	0	1.85	2.8699999999999997	3.7800000000000002	4.6499999999999995	5.5	6.3199999999999994	7.14	7.96	8.7900000000000009	0.1	0	5.4054054054054053	9.8039215686274517	10.989010989010994	11.494252873563214	11.764705882352946	12.195121951219507	12.195121951219519	12.195121951219507	12.048192771084349	0.1	Time /seconds
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