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In addition to this examination paper, 
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Answer all questions.
Write your answers in the spaces provided in this booklet. 
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Question 5(b) is a quality of extended response (QER) question where your writing skills will be 
assessed.
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final answer given is incorrect.
You will need to refer to the separate Resource Folder to answer question 1.
A Periodic Table is printed on page 16.
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Section A

Answer all questions in the spaces provided.

Refer to the separate Resource Folder to answer question 1.

1.	 (a) 	 (i) 	 The Red Admiral butterfly competes with greenfly for food. The scientific name for 
one type of greenfly is Acyrthosiphon pisum. 

			   Complete the table below to show the scientific classification of greenfly. 	 [3]

Kingdom:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Phylum:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Class: Insecta

Order: Hemiptera

Family: Aphididae

Genus:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Species:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scientific name: Acyrthosiphon pisum

	 (ii)	 Another butterfly is found in Africa. Its scientific name is Vanessa abyssinica.

	 I.	 State one advantage of using scientific names. 	 [1]

	

	

	 II.	 State one piece of evidence, from its scientific name, that shows it is related 
to the Red Admiral.  	 [1]
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	 (b) 	 The variation in population of adult Red Admirals is shown by the graph in Figure 1. 

		  (i)	 I.	 State the name of the seasonal movement of animals as seen in Red 
Admirals. 	 [1]

	

			   II.	 State one reason why this seasonal movement occurs. 	 [1]

	

	

		  (ii)	 Use the information in the graph in Figure 1 to compare the variation of the Red 
Admiral population in 2019 with the mean change since 1976. 	 [2]

	

	

	

		  (iii) 	 Red Admirals are a food source for frogs. Add a line to the graph below to show 
how the population of frogs changed between April and October in 2019. 	 [2]
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	 (iv)	 Use your line to explain the relationship between numbers of predators (frogs) and 
the numbers of their prey (Red Admirals). 	 [3]
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	 (c)	 (i) 	 Use the information in Table 2 to construct the part of the food web that depends 
on berries. 	 [3]

Berries

(3445UB0-1)
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	 (ii)	 Explain why the frog can be found at more than one trophic level.	 [2]

	

	

	

	 (d)	 Refer to Table 2 to construct a pyramid of biomass for a food chain of five trophic levels 
starting with berries and ending with buzzards. 	 [3]

	 (e) 	 Use the information in Figure 2 to calculate the efficiency of energy transfer between 
the primary and secondary consumers.	 [3]

% efficiency = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Section B

Answer all questions in the spaces provided.

2. 	 Medical imaging techniques include ultrasound, X-rays, CAT scans and MRI scans.

	 (a)	 (i)	 Describe how the two strands of DNA are joined in a double helix.	 [2]

	

	

	

	 (ii)	 Ionising radiation can have harmful effects on DNA within a human body. The 
diagram shows that it can cause a break in the double-strand.

DNA

Double-strand breaks produced
by ionising radiation, etc.

If not repaired correctly, 
double-strand breaks can 
cause mutations of genes.

		  It is suggested that MRI scans are most likely to cause this kind of DNA damage 
and the other methods listed above are harmless. Explain whether you agree. 	 [3]

	

	

	

	

	 (b) 	 Describe how an ultrasound image is formed.	 [2]

	

	

	 7
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3. 	 Healthy muscles and joints are essential for pain-free movement. These are very important for 
successful athletes.

	 (a) 	 The ankle is a type of hinge joint that is used when we walk and run. Its action is shown 
in the diagram below.

Dorsalextension

Plantarflexion

		  This movement is controlled by an antagonistic pair of muscles called the calf and tibialis 
anterior. The calf is at the back of the leg and the tibialis anterior is at the front of the leg.

Calf 
muscle Tibialis

anterior 
muscle

		  Explain how this pair of muscles produce dorsalextension and plantarflexion. 	 [3]

	

	

	

	

Back of leg Front of leg
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	 (b) 	 The knee is a synovial hinge joint. 

Tendon

Ligament

CartilageMuscle

		  Explain how damage to cartilage and ligaments may affect an athlete. 	 [3]

	

	

	

	

	 (c) 	 Two athletes, Dafydd and Tom, compete in a 400 m training race and their finish times 
are identical. Their times to travel certain distances within the race are measured and 
are shown in the table below.

	 (i)	 Dafydd thought his fastest speed was for the last 100 m of the race. Explain 
whether you agree. 	 [3]

	

	

	

	

Distance (m) 0 50 100 150 200 300 400

Tom’s time (s) 0 7.65 13.65 20.48 27.30 41.93 56.55

Dafydd’s time (s) 0 6.10 11.40 18.40 25.40 40.95 56.55
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	 (ii) 	 Since they finished the race in the same time, Tom thought their maximum speed 
must have been the same. Plot graphs of distance against time for Tom and 
Dafydd and explain whether you agree with Tom. 	 [5]

0

100

200

300

400

0

	

	

	

D
is

ta
nc

e 
(m

)

14

Time (s)



10

10

Examiner
only

© WJEC CBAC Ltd. (3445UB0-1)

water

mounted 
needle

burning food

clamp stand

boiling tube

4. 	 The energy your body needs comes from the food you eat. The energy content of food can be 
measured in the laboratory.

	 (a) 	 The apparatus below can be used to measure the energy content of food in a school 
laboratory.  

	 (i)	 State two variables which should be controlled in this experiment and explain why 
they need to be controlled. 	 [2]

	

	

	

	

	 (ii) 	 Explain why the mean results obtained in the school laboratory are different from 
manufacturers’ values given on a food label. 	 [2]

	

	

	

thermometer
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	 (iii)	 The energy content of food can also be measured using the calorimeter shown in 
the diagram below.

thermometer stirrer

air-filled 
jacket

copper coil

water

oxygen

burning 
food

		  Explain why using this calorimeter is likely to improve the quality of the results. 	[3]

	

	

	

	

	 (b)	 The energy absorbed by a water sample is given by the equation

		  energy (J) = mass of water (kg) × temperature rise (°C) × 4 200

		  Results from the experiment for one food sample are shown below.

		    •	 mass of water = 20.0 g
		    •	 temperature rise = 15.4 °C
		    •	 mass of food sample = 12.4 g

		  Use the information above to calculate the energy content of the food in J/g. 	 [3]

		  1g = 10–3 kg

energy content = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J/g
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5. 	 As the world’s population increases, its impact on biodiversity and the environment becomes 
more and more harmful.  

	 (a) 	 Describe the issues surrounding the creation of nature reserves to maintain biodiversity.
	 [3]

	

	

	

	

	

	 (b) 	 A United Nations report, Our Common Future, states that “Sustainable development is 
development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs”.

		  Describe the main issues related to sustainable development. 	 [6 QER]
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6. 	 Three images have been combined below to show colliding galaxy clusters 5 billion light years 
from Earth. The background is a Hubble Space Telescope image taken using visible light; 
the blue area is an X-ray image from the Chandra Space Observatory, and the red area is an 
image from a radio telescope.

	 (a)	 (i) 	 Compare the use of Earth-based and space-based telescopes to produce images 
of objects in space. 	 [2]

	

	

	

	 (ii) 	 Explain how the visible light received by the Hubble Space Telescope provides 
evidence for the origin of the Universe. 	 [3]
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	 (b)	 (i) 	 State how long it takes radio waves to travel from the colliding galaxy clusters to 
reach the Earth. 	 [1]

time = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii) 	 X-rays have a higher frequency than radio waves. Tick (√) the box next to the 
correct statement below.	 [1]

		  X-rays take less time to travel the same distance as radio waves.  	

		  X-rays take the same time to travel the same distance as radio waves.  	

		  X-rays take more time to travel the same distance as radio waves.	

	 (iii) 	 The X-rays detected by the Chandra Observatory have a frequency range of  
3 × 1016 Hz to 3 × 1019 Hz. They travel through space at a speed of 3 × 108 m/s. 

		  Use the equation

wave speed = frequency × wavelength

		  to calculate the maximum wavelength of these X-rays.	 [3]

maximum wavelength = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   m

END OF PAPER
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