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SCIENCE: 90940 DEMONSTRATE UNDERSTANDING OF ASPECTS OF MECHANICS: PRESSURE 
 

2020:3 

NASA has revealed a possible vehicle to travel over the Martian surface. Mars is a very dusty planet with 
much lower gravity than ours. Gravity on Mars is 3.7 N kg–1; on Earth it is 10 N kg–1. 

The mass of the Mars vehicle is 2500 kg. 

(d)  There are 6 wheels on this vehicle, with a surface area of 0.25 m2 per wheel. Calculate the total 
pressure that this vehicle would exert on Earth. 

(e)  The Mars vehicle is placed on similar soils on Earth and on Mars. Explain why the Mars vehicle will sink 
to different depths on each planet. You should support your answer with a calculation. 

 
2019:2 
An adult and a child’s feet sink into soft sand. The footprints are the same depth. The child’s footprints cover 
a smaller area than the adult’s. 

 
(a) Pressure is defined as the force exerted divided by the surface contact area.  

Using this pressure definition, explain how it applies to the adult standing in the sand.  
 

The surface area of one of the adult’s footprints is 200 cm2 (0.0200 m2), and the surface area of one of the 
child’s footprints is 150 cm2 (0.0150 m2). The adult has a weight of 690 N.  
 
(b) Show the total pressure the adult exerts on the sand is 17 250 Pa. 
(c)  Explain how the footprints are the same depth, although the mass of the child is smaller. In your 

answer include a discussion of pressure, surface area, and mass. 
(d)  Both the adult’s and the child’s footprints are the same depth. Calculate the mass of the child. 
 
2018:1 
Two runners, runner A and B, run a 100 m race. 
(d) Each of Runner A’s feet has a surface area of 200 cm2 (0.0200 m2), which sink into the track. Together, 

the feet exert a pressure of 13000 Pa. Calculate the weight of Runner A. 
 
2018:3 
Marama and Jake go skiing. 
(d)  Jake changes to his wide skis. The skis measure 10 cm in width compared with normal skis of 5 cm. 

Both sets of skis are the same length. Explain why Jake does not sink into the snow as much when he 
uses his wide skis. Calculations are not required. 
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2017:2 
A lightweight waka ama (outrigger canoe) has a mass of 
9.90 kg. 
A sketch of the waka ama hulls is shown.  
(b) Calculate the pressure exerted by the waka ama (both 

hulls) on the water.  
Your answer should include:  
•  an area calculation (assume both waka ama hulls are rectangular in shape, and the 

measurements above show the area in contact with the water)  
•  a calculation of the pressure. 

(c)  The waka ama sinks further into the water when a 67 kg paddler sits in it. Explain why the waka ama 
sinks further into the water when the paddler sits in it. Use calculations to support your answer. 

 
2016:1 
(c)  Each of the horse’s hooves has a surface area of 44 cm2 (0.0044 m2) and sinks into 

the sand when the horse stops. The hooves exert a pressure of 200155 Pa. 
Calculate the weight of the horse.  

 
Explain why the horse’s hooves sink further into the sand when the rider gets onto the horse.  
In your answer you should consider the pressure applied and the forces acting. (No calculations are 
necessary.) 

 
2015:3 

 
 The pontoon has a mass of 185 kg. The dimensions of the pontoon are shown in the photo above.  

(i) Use surface area and force to calculate the pressure exerted by the pontoon on the water. 
(ii) The two people then climb onto the pontoon and stand on it. Explain why the pontoon will sink 

lower in the water when the people stand on it. 
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2014:2  
A chair (15.0 kg) and footstool (15.0 kg) are shown below.  

The chair has four legs in contact with the floor, whereas the base of the footstool does not have legs and is 
entirely in contact with the floor. 

 
(c)  The area of each chair leg in contact with the floor is 0.001 m2.  

Calculate the pressure that the chair (mass 15.0 kg) exerts on the carpet.  

In your answer you must determine:  
• the area of the chair legs in contact with the floor  
• the weight force of the chair  
• the pressure acting on the carpet. 

 
(d)  A person sat on the chair and then sat on the 

footstool for the same period of time. They 
noticed that the chair legs left deeper marks in 
the carpet than the footstool did, although both 
the chair and footstool have the same mass.  

 
Explain these differences in terms of pressure, 
force, and surface area. 

 
2013:4  
A family decides to spend a day at a snow field. The father hires a snowboard for himself and a pair of skis 
for his daughter. 
Assume the snowboard and skis are rectangular in shape. 

The dimensions of the snowboard are 0.25 m × 1.6 m. 
The dimensions of a single ski are 0.08 m × 1.75 m. 

The father and snowboard have a combined mass of 80 kg.   
 (a) Calculate the pressure exerted by the father and snowboard on the snow. Your answer should include: 

• an area calculation 
• a calculation of the pressure. 

 
(b)  The father notices that his daughter on her skis has sunk further into the snow than he has on his 

snowboard.  
The daughter and the skis have a combined mass of 58 kg.  
Explain why the daughter on her skis sinks further into the snow than her father on his snowboard.  
In your answer you should:  
•  calculate the pressure exerted by the daughter and her skis on the snow  
•  compare the pressure exerted by the daughter and father (from part (a)) on the snow  
•  explain the difference in pressure in terms of force AND area  
•  explain how pressure relates to how far the person will sink in the snow. 
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2012:1  

(d) A woman drives her tractor down a sandy beach to pick up 
her friend’s boat. The total mass of the tractor and driver is 
1660 kg.   

While on the sandy beach the woman sees a car (m = 1100 
kg) that is stuck in the sand. The photos below show the 
tread patterns of the tractor’s rear tyre and the car’s rear 
tyre. 

 
Compare the different treads of the tractor tyre AND car tyre in terms of force, surface area and 
pressure applied. Use this comparison to explain why the car gets stuck in the sand, BUT the tractor 
does not. 

 
2012:3  

Some students wanted to investigate how craters form. They 
dropped two different balls – a golf ball (m = 0.046 kg) and a 
table-tennis ball (m = 0.003 kg), from a height of 2 m into a 
container filled with flour. 

 
 

 

 

 

The image shows an example of a crater produced by the golf ball.  The 
students found that the golf ball always produced a deeper crater than the 
table-tennis ball. Explain why the golf ball produces a deeper crater than the 
table-tennis ball, even though the balls are the same size and shape, and 
dropped from the same height 
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2011:4  
 

 
 

A student of mass 40 kg uses the football boots shown above. 

ONE boot without studs has a surface area of 165 cm2 (0.0165 m2) in contact with the ground. 

ONE boot with six studs has a surface area of only 6 cm2 (0.0006 m2) in contact with the ground. 
 
(a) Calculate the pressure exerted if the student stands on ONE foot on a hard surface, for the boot 

without studs AND for the boot with studs. Give an appropriate unit with your answers. 

(b) Discuss the advantage gained by the student when running on a soft grass football field while wearing 
the boots with studs compared to wearing boots of the same size without studs. 

In your answer you should: 

• compare the pressure exerted on the ground by the boot with the studs AND the boot without 
studs 

• explain the relationship between surface area and pressure exerted 
• explain how the difference in pressures would help the student run on a softer surface like grass. 
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Please note – the questions that follow are from older Achievement Standards where the questions 
were more short answer-type questions: 
 
RESCUE BOATS (2010;3 – AS90183) 

 
The combined mass of a rescue boat and its crew is 420 kg. The boat exerts a 
pressure of 323 Pa on the water. Calculate the area of the boat that is in 
contact with the water.  
 
BMX BIKING (2009;1 – AS90183) 
 
(f) BMX bikes can be fitted with standard tyres or fatter tyres as shown in the diagram below. Tom is 

riding a bike with standard tyres, and his friend Zach is riding a bike with fatter tyres. Assume that the 
combined mass of Zach and his bike is the same as that of Tom and his bike.  State which of the 
above tyres exerts less pressure on the ground, and explain why. 

 

 
 
FEELING CONFIDENT (2008;3 – AS90183) 
 

 
Jan is standing upright on both of her skis. Calculate the pressure that Jan’s skis exert on the snow. 

 
 

FORKLIFTS (2007;3 – AS90183) 
 
In the warehouse, forklifts are used to shift large crates. The combined support 
force on both front wheels of a forklift is 3500 N and the combined support force on 
both back wheels is 5500 N, as shown in the diagram. 
 
(a) Calculate the mass of the forklift. 
(b) A crate has dimensions 1.5 m × 0.75 m × 1.2 m, and its weight is 1150 N. State 

which of the sides, A, B or C, should be placed on the floor to exert 
the maximum pressure.  Calculate the size of the maximum pressure. 
Give the correct unit with your answer. 


