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TWENTY FIRST CENTURY SCIENCE EQUATIONS

Useful relationships
The Earth in the Universe
distance = wave speed x time

wave speed = frequency x wavelength

Sustainable energy
energy transferred = power x time

power = voltage x current

energy usefully transferred

o,
total energy supplied x 100%

efficiency =

Explaining motion

distance travelled

speed = time taken

change in velocity

acceleration = -
time taken

momentum = mass x velocity

change of momentum = resultant force x time for which it acts

work done by a force = force x distance moved in the direction of the force

amount of energy transferred = work done

change in gravitational potential energy = weight x vertical height difference

1

kinetic energy = - X Mass x [velocity]?

Electric circuits

power = voltage x current

. volt
resistance = ~.ad€
current
voltage across primary coil _  number of turns in primary coil
voltage across secondary coil number of turns in secondary coil

Radioactive materials

energy = mass x [speed of light in a vacuum]?
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Answer all the questions.

Anette does an experiment with pondweed.

a

test tube
[e]
bubbles ) < (
water — _
77777 lamp
funnel
beaker
pondweed
. J

The pondweed is photosynthesising.

(a) What is the name of the gas produced by photosynthesis?

.............................................................................................................................................. [1]
(b) Anette changes the distance of the lamp from the pondweed.
At each distance she counts the number of bubbles of gas collected in 5 minutes.
She does the experiment three times at each distance.
Here are her results.
Distance from lamp Number of bubbles produced in 5 minutes
to pondweed incm | Eyperiment1 | Experiment2 | Experiment 3 Average
10 21 21 18
15 14 15 16 15
20 11 14 11 12
25 10 8 12 10
(i) Suggest why there was variation in the results at 10cm from the lamp.
...................................................................................................................................... [1]

© OCR 2013



5

(ii) Calculate the average (mean) number of bubbles collected when the lamp is at a distance
of 10cm.

AVEIAJE = oiiiieeieiiiiiee e e e [1]

(iii) What conclusion about photosynthesis can Anette make from these data?

Question 1 continues on page 6
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(c) Anette wants to investigate the effect of shade on plants growing in a field.

The field contains a large tree.

She thinks that at different distances from the tree, the number of plants growing will not be
the same.

She plans an investigation to test this idea.
(i) What items of equipment should she use to collect data for this investigation?

Put around the two correct answers.

lamp light meter pH meter quadrat stop watch

]

(i) Suggest what she would expect to find, and explain your answer.

[Total: 7]
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2 Nathan is weightlifting.

The four statements describe what happens.

* His muscles respire aerobically as he stands before lifting the weights.
* He can stand for a long time.

e His muscles respire anaerobically when he lifts the weights.

* He can not hold the weights for a long time.

Use your knowledge of the differences between aerobic and anaerobic respiration to explain
these statements.

/ The quality of written communication will be assessed in your answer.

[Total: 6]
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Corinne does an experiment using two different enzymes, A and B.
She records the activity of each enzyme at different temperatures.

She plots her results on a graph.

enzyme A eececcccccccce
enzyme B

enzyme
activity

temperature in °C

(a) Both enzymes work on the same chemical.
One of the enzymes is from a bacterium that lives in hot springs at 80 °C.
The other enzyme is from a bacterium that lives in the sea at 14 °C.
Corinne concludes that enzyme A comes from the bacterium that lives in the sea.

Explain why Corinne’s conclusion is correct.

© OCR 2013
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(b) Corinne does the same experiment with a different enzyme, C.
This enzyme works on the same chemical as enzymes A and B.

She plots her results on a graph.

A

enzyme
activity

0 20 40 60 80 100
temperature in °C

She finds that enzyme C works best at 20°C.
She heats a fresh sample of the enzyme to 100°C and then cools it back to 20°C.
She then uses this enzyme in an experiment.

Suggest and explain what the result of the experiment would be.

[Total: 4]
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Ryan investigates osmosis in pieces of raw potato.

He cuts six cylinders of potato, each with the same shape and mass.
He places each cylinder of potato in a sugar solution.

Each solution contains the same sugar, but at a different concentration.

After 2 hours, he records the mass of each potato cylinder and calculates its percentage (%)
change in mass.

Here are his results.

Concentration of sugar solution in g/dm?3 Percentagpeo(tZot)oc:;?ng;eirn mass of
0 +7
20 +3
40 +1
60 -1
80 -4
100 -6

(@) Puta around the correct choice to complete each sentence.
The membrane of the potato cells is not / partially / completely permeable.
The concentration of the cell contents is between 0 and 20 / 40 and 60 / 80 and 100 g/dm3.
In osmosis, the overall movement of water is from one solution to

a more concentrated / an equally concentrated / a less concentrated solution.

[2]
(b) Ryan suggests ways to get a better estimate of the concentration of the cell contents.

Put a tick (v) in the box next to Ryan’s best suggestion.

Record the change in mass in g instead of percentage change.

Repeat the experiment using different sizes of potato cylinder.

Repeat the experiment with concentrations greater than 100 g/dm?3 of sugar.

Repeat each concentration and calculate the average percentage change
in mass.

Soak the potato in pure water before the experiment.

1]
[Total: 3]
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5 The chemical industry uses large amounts of chlorine.
Some of this chlorine is transported across the country.

(@) The lorry has this hazard symbol on the side.

What does the symbol mean?
Put a around the correct answer.

corrosive explosive flammable toxic
1]
(b) Chlorine is made up of molecules.
Which diagram shows a molecule of chlorine?
Put a around the correct answer.
1]

©OCR 2013 Turn over
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(c) The chlorine is carried in a steel tank.
Steel is mainly iron.

The chlorine does not react with the tank unless there is a very hot fire.

At high temperatures, iron reacts with chlorine gas to make small crystals.

2Fe + 3CL, —> 2FeCl,

(i) Write a word equation for this reaction.

(ii) Put atick (v) in the correct box to show if each substance is a solid, a liquid or a gas at

room temperature and pressure.

Solid

Liquid

Gas

Ch

Fe

FeCl3

(d) Here is some information about one atom of chlorine.

Complete the table.

atomic (proton) number

17

relative mass

35

number of electrons

© OCR 2013
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Sodium and potassium are both Group 1 metals.
Sodium is a reactive metal.

(a)

(b)

(c)

(d)

© OCR 2013

Sodium reacts with chlorine to make sodium chloride.
The formula for sodium chloride is NaCL

Look up the symbol for potassium in the Periodic Table and write the formula for potassium
chloride.

.............................................................................................................................................. [1]
The equation for the reaction between sodium and chlorine is
2Na + Cl, — 2NaCl

How many atoms of sodium react with one molecule of chlorine?

........................................................... [1]
The electronic configuration of sodium is 2.8.1
What do the numbers 2.8.1 tell you?
.............................................................................................................................................. [2]
Melted sodium chloride conducts electricity.
Use ideas about particles to explain why.
.............................................................................................................................................. [3]

[Total: 7]
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7 X, Y and Z are three elements in the Periodic Table.

Element X Y Z
atomic (proton) number less than 12 12 more than 12
melting point in °C 1278 649 839
density in g/cm3 1.85 1.74 1.54
reaction with water no reaction slow rapid
formula of chloride XCL, YCL, ZCl,
formula of oxide XO YO Z0
melting point of oxide in °C 2550 2852 2554

Jo thinks that X, Y and Z are in the same Group.
Ann thinks that they are not.

Who is right?
Use evidence from the table to support your answer.

/ The quality of written communication will be assessed in your answer.

© OCR 2013
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8 Tom investigates the effect of different road surfaces on how quickly a car can stop.

-
\ /A

The same car is tested on three different road surfaces.

The brakes are applied when the car is going at 15m/s.

Tom measures the time between applying the brakes and the car stopping completely.
Here are his results.

Time in seconds for the car to stop from 15m/s
Road surface
First try Second try Third try mean
GripMore 1.9 2.1 2.0 2.0
SlideLess 1.7 2.0 2.3 2.0
StopSure 2.4 2.6 2.2 2.4

(@) Tom does three time measurements for each road surface.
He never gets the same result for the same road surface.
Suggest why.

.............................................................................................................................................. [1]
(b) Tom decides that StopSure is the worst surface.
Give two reasons why he can’t be sure which of GripMore or SlideLess is the best.
.............................................................................................................................................. [2]
(c¢) Suggest two things Tom could do to help him to decide which is the best surface.
.............................................................................................................................................. [2]
[Total: 5]
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9 Jim lights a firework rocket and stands well back.

}

The rocket emits a lot of hot gas in a downwards direction.
Use ideas of forces to explain how this makes the rocket move upwards.

/ The quality of written communication will be assessed in your answer.

[Total: 6]
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10 Here is some data for three different electric cars.

Name of car Top speed in m/s | Accelerating timeins | Total mass in kg
CitiStroll 25 10 200
EasyShop 15 5 400
GoFar 20 4 600

The accelerating time is how long it takes for each car to reach its top speed from a standing
start.

(@) The manufacturers of GoFar claim that their car has the greatest acceleration.

Are they right? Give reasons for your answer.
Use calculations in your answer.

(b) Calculate the kinetic energy of a GoFar car at its top speed.

KINELIC BNEIgY = ..eeeeiiiiieie e J[1]

(c) Here are some statements about cars as they accelerate.
Put ticks (v) in the boxes next to the two correct statements.

The driving force does work on the car.

The kinetic energy of the car remains constant.
The weight of the car decreases as it speeds up.
The driving force is greater than the counter force.

The reaction from the ground decreases the momentum.

— [2]

[Total: 5]
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11 Here are distance-time graphs for four different bicycles A, B, C and D.

A B
distance distance
> >
o0 time oO time
C D
. A _ A
distance distance

0 time 0 time

(a) Which bicycle is not moving?

ANSWET et e e e e e e e e e e eeeeeas [1]

(b) Which bicycle has the greatest speed?
ANSWET ettt e et e eeeeeeeeeas [1]
[Total: 2]
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12 Sally climbs the stairs at a steady speed.
Put a around the correct choice to complete each sentence.
As Sally climbs, her legs push up / down on each step.
The reaction force from each step pushes up / down on Sally.
As she goes up the stairs at a steady speed, she increases her

gravitational potential energy / kinetic energy / momentum.

[2]

[Total: 2]
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