Physics National 5 Problem Solving
In National 5 Physics there are 4 types of problem solving question. The SQA calls them assessment standard 2.4. 

You must demonstrate your ability to answer each type of PS question at least once for each of the three National 5 units. To show that you can answer a type of PS question you must get it completely, 100%, correct.
The four types of PS question at National 5 are;

· Selecting

· Processing

· Predicting

· Analysing

This booklet contains;

· General advice for answering PS questions.

· An explanation of what is required for each type of question.

· Worked examples for each type of question.

· Practice problems.
General Advice

· Check how many marks are available for the question. This will give you a guide to how long or detailed your answer needs to be. A 1 mark question will often only require a one word answer, whereas a 3 mark question may need several sentences to answer fully.
· Read the question very carefully before you start to answer it. Make sure you understand what you are being asked to do, and do only that. If you are asked for 2 answer do not give 3. If you are asked to draw a line graph do not draw a bar chart. 

· Remember to show all of your working for calculations, no matter how simple you think it is.

· Always use a ruler to draw tables, graphs and diagrams.

· Label all tables, graphs and diagrams.

· Use lists or bullet points instead of writing long paragraphs when possible.

· When you have finished writing your answer re-read the question. This is so you can make sure you have answered what was actually asked.
Selecting
Selecting questions are the most straightforward type of PS question at National 5. Selecting questions require you to give an answer using only the information given in the question. No additional knowledge is required. No analysis of the information is required.
Information in the question can be given in the form of a table, list, graph, diagram, passage, etc…
Selecting questions will contain phrases like “select from”; “find from the list”; “from the passage state”; “state a reading from the graph”; “complete the table using the following”:
Worked Examples
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Sample Answers:
1. Do not use fuel and are easy to transport.

This answer would get 1 mark for saying “easy to transport”. “Do not use fuel” is given in the question so would not get a mark. This answer would not pass.

2. The advantages of solar cookers are that they are easy to transport, reliable and easy to operate.

This answer would get 2 marks, even though it list three advantages. All three are correct so no penalty is incurred. This answer would pass. If one of the three had been incorrect only 1 mark would have been awarded, and the answer would not have passed.

3. Reliable and cheap.

This answer would get 1 mark for “reliable” and nothing for “cheap”. Even though cheap is an advantage, it is not given in the passage so cannot be used to answer the question. This answer would not pass.
4. Use the Sun and shiny.

This answer would get no marks as neither of these is a clear advantage. This answer would not pass.
5. Reliable, easy to operate.

This is the best answer here. Both advantages are correct, both come straight from the question, no extra information is given. This answer would pass.
2.
Radio waves have a wide range of frequencies. The table gives information about different wavebands.
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Age range (years)

Percentage drinking more
than weekly limit (%)

Male 16-24 36
Male 25-44 27
Male 45-64 24
Female 16-24 25
Female 25-44 16
Female 45-64 14






The Coastguard use radios with a frequency of 500 kHz. What waveband do these signals belong to?

Sample Answers:

A) 300 kHz – 3 MHz
This answer gives the frequency range, not the waveband, so is incorrect. This answer would not pass.
B) Medium frequency
This answer gives the correct waveband. This answer would pass.
C) Radio Scotland
This answer gives an example, not the waveband, so is incorrect. This answer would not pass.
D) MF
This answer gives the abbreviation shown in the table for the correct waveband, so is correct. This answer would pass.
Processing
Processing questions are similar to Selecting questions in that they require you to use information given in the question. The difference is that Processing questions require you to use the information given to work something out, meaning that some additional knowledge or thinking is needed.
Processing questions often include a calculation or ask you to reach a conclusion from a set of results.

Processing questions will contain phrases like “calculate”; “analyse the graph”; “draw a conclusion”
Worked Examples
1. The table gives information about the percentage of men and women drinking more than the weekly limit of alcohol.
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Draw 2 conclusions from the information in the table.
Sample Answers:

A) 36% of males aged 16-24 drink too much and 14% of women aged 45-64 drink too much.
This answer would get no marks. No conclusion has been reached, they have simply stated 2 pieces of data from the table. This is Selecting, not Processing. This answer would not pass
B) Less females drink more than the weekly limit than men and more men drink too much.
This answer would get no marks. “Less females drink more than the weekly limit than men” is a correct conclusion, but “more men drink too much” is just another way of saying the same thing. Only 1 conclusion has been given. This answer would not pass
C) Younger people drink more than older people.
This answer would get 1 mark. The conclusion given is correct, but the question asks for 2 conclusions. This answer would not pass.
D) Men drink more than women, older people drink less than younger people.
This answer would get 2 marks. Two different conclusions are given, both are correct. This answer would pass

2. Calculate how long light would take to travel through a diamond 0.5 cm thick.  

	Material
	Speed of Light in m/s

	Air
	3 x 108

	Carbon dioxide
	3 x 108

	Diamond
	1.2 x 108

	Glass
	2 x 108

	Glycerol
	2.1 x 108

	Water
	2.3 x 108


Sample Answers:

A) d = v t
0.005 = 1.2 x 108  x  t
t = 0.005 ÷ 1.2 x 108
t = 4.17 x 10-11 s
This answer is completely correct. The equation has been written down, the values have been correctly substituted and the answer calculated correctly with units. This answer would pass
B)  t = 4.17 x 10-11 s
Even though no working has been shown, the correct value has been calculated and the correct units used. This answer would pass.
C) Time = 0.000000000042
This answer shows no working. The value is correct but no units have been given. This answer would not pass.

In calculation problem solving questions the final value MUST be correct and it MUST have the correct units.
Predicting

Predicting questions will provide you with some data or information and ask you to make a prediction or deduction based on it. You need to build on the information given in the question, often using some background knowledge.

The answer cannot be taken directly from the question.

Predicting questions use phrases such as “predict”; “suggest”; “hypothesise”; “give a reason”; “extrapolate”; “what would happen if…”:
Worked Examples
1. The table below give information about the periods of orbit of some of the planets in the Solar System. Suggest values for the periods of Venus and Mars.   
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Sample Answers:

A) Venus - 100 days
Mars – 2300 days
This answer would get no marks. The radius of orbit for Venus is about halfway between Mercury and Earth, so the period should be about half way. Mars is much closer to Earth than to Jupiter so the period should be closer to Earth’s than Jupiter’s. This answer would not pass.
B) Venus – 220

Mars – 600
This answer would get 2 marks. 220 is about halfway between 88 and 365 so is correct, 600 is more than 365, but closer to this than it is to 4296 so is correct. This answer would pass.
C) 230 and 650
This answer would get no marks. The values might be correct, but they have not said which number is for which planet. This answer would not pass.
D) Venus – 200

Mars – 400
This answer would get 1 mark. The value for Venus is correct but the value for Mars is too close to Earth’s. This answer would not pass.
E) Mars – 650 
This answer would get 1 mark for giving a correct value for Mars. This answer would not pass

2. Electroplating is used to deposit a layer of one metal on top of another. The bar graph shows the mass of chromium and nickel deposited in one hour using different currents.
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Predict the mass of nickel deposited in one hour when a current of 175 amps is used.

Sample Answers:

A) 380 g
This answer is correct. From the graph the mass of nickel deposited increases by around the same amount each time the current increases by 50 amps. Therefore increase the current by half that should increase the mass by half, which makes it around 380 g. This answer would pass.
B) 330 g
This answer would be correct for chromium, but the question asks about nickel. The bars on the left are not relevant to answering this question. This answer would not pass.
C) Between 330 g and 440 g
This answer does not predict a value, it gives the range of values for mass that could be deposited between 150 amps and 200 amps. This answer would not pass.
D) 250 g
This answer is less than the mass deposited at 150 amps, so is wrong. This answer would not pass.

Analysing

Analysing problem solving questions are the most challenging type of PS question in National 5. They require you to use the information along with other knowledge and reasoning to reach an answer.
Analysing questions will not always have a single, definitive correct answer. The depth and detail given in your answer will be important.

Analysing questions may contain phrases such as “describe the shape of the graph”; “which would you choose and why”; “how could the experiment be changed to improve…”
Examples
1. A speed-time graph is shown for a section of a woman’s journey to work. Describe her motion during this time. (3)
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2. Gavin carried out an investigation to find out which metal is the best conductor of heat energy. 
He put 50 ml of water into a 250 ml beaker. 
He placed the beaker on a 1 cm thick copper plate and noted the temperature of the water. 
He then heated the water using a Bunsen burner and timed how long it took for the water temperature to rise by 2 ºC.
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He carried out further experiments using a 1 cm thick aluminium plate, and then a 1 cm thick steel plate.
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Although the investigation was fair, it could be improved. Suggest two improvements to make the results more accurate and reliable.
Practice Problems

1. The table below shows the monthly costs for electricity and gas in a house for the first 6 months of the year.
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Calculate the average cost of gas between the start of February and the end of May.

2. Use the information in the passage below to answer the questions.

Some athletes use the effects of high altitude on the human body to increase the oxygen-carrying efficiency of their circulatory system. 

At high altitudes, the oxygen concentration in the air is lower than it is at sea level. In response to lower oxygen concentration, an athlete’s breathing quickly becomes deeper and more rapid. This helps to maintain the oxygen level in the blood. The athlete’s heart rate also increases quickly so that more oxygen is delivered to the muscles. These changes to the body wear off as soon as the athlete returns to lower altitude. 

However, other changes to the body caused by high altitude happen more slowly and last longer. Erythropoietin is a hormone that stimulates the bone marrow to make red blood cells. When there is a fall in the oxygen level in the body, more erythropoietin is produced. This causes an increase in both haemoglobin and red blood cell production, allowing the blood to carry a lot more oxygen. 

Hard physical exercise at high altitudes is very difficult. Blood becomes thicker, the body dehydrates, appetite and food intake drops and the body tires more quickly. Many athletes use a high altitude training programme designed to maximise the benefits of increased oxygen-carrying efficiency while minimising the difficulties of hard physical exercise at high altitudes. A well-designed training programme includes periods of exercise at lower altitude combined with periods of rest and sleep at higher altitude.
a. Give two changes to the body which happen quickly in response to the lower oxygen concentrations at high altitude. 

b. What does the body do to bring about the increase in haemoglobin and red blood cell production?

c. Explain fully why a well-designed program includes sleeping but not exercising at high altitudes.

3. The graph shows how the electrical energy produced by a solar cell during different months changes as the solar cell is tilted at different angles.
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a. Draw two conclusions from these results.

b. Predict how much energy could be produced by a solar cell tilted to 55 degrees in July.

4. The energy needed to heat a metal block can be found from the equation 
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Where;


E is the energy needed in joules (J)

c is the specific heat capacity of the metal in joules per kilogram per degrees Celsius (J/kg/oC)

m is the mass in kilograms (kg)

ΔT is the change in temperature in degrees Celsius (oC)


A pupil heated a 2 kg block of copper with an electric heater.
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The temperature started at 20 oC and increased to 32 oC. The specific heat capacity of copper is 380 J/kg/ oC.

a. Calculate the minimum energy needed to heat the block.

b. Explain why, in reality, more energy would be needed.

5. News reports claim that a skyscraper in London has been melting cars and starting fires in buildings opposite it. The building has an unusual curved, dish shape. 

Use your knowledge of Physics to explain how this could happen.
In an aid project refugees were given solar cookers instead of firewood. Solar cookers use heat from the Sun as their source of energy. Constructed from shiny, foil covered cardboard, the cookers fold flat and are easy to transport. They are reliable and easy to operate.


Q.	Solar cookers do not use firewood. Give two other advantages of solar cookers from the passage.					(2mks)
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[image: image13.png]Planet Radius of Orbit | Period of orbit
(km) (Earth days)
Mercury 5.79x107 88
Venus 1.082x108 -
Earth 1.496x108 365
Mars 2.279x108 -
Jupiter 7.783x108 4296




