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ANSWERS 
 

SCIENCE: 90940 DEMONSTRATE UNDERSTANDING OF ASPECTS OF MECHANICS: PRESSURE 
 
2020:3 
(d) P=F/A = 25000/(6 x 0.25) = 16667 Pa (or N m-2) 
(e) P on Mars = F/A = 9250 / (6 x 0.25) = 6166 Pa (or N m-2)  The vehicle weight force on Mars is less due 

to smaller Fg, and since the area is the same, the pressure is less, so the vehicle does not sink as far 
into the surface. 

 
2019:2 
(a) The adult has a weight force that is acting down on the sand through their feet. Pressure is created as 

the adult’s weight is spread over the surface area of their feet. 
(b)  A = 0.020 × 2 = 0.040 m2      P = F /A = 690/0.04 = 17 250 Pa 
(c)  Pressure equals the force exerted divided by the surface (contact) area. The child has the same 

pressure as the adult because they sink an equal distance into the soft sand. However, the child has a 
smaller surface (contact) area on the sand, and thus must exert a smaller force for the pressure to 
remain the same. The smaller force is the gravitational force, which means that the mass of the child 
must be smaller as Fg = mg. 

(d)  Child: A = 0.015 × 2 = 0.030 m2      F = PA = 17250 × 0.03 = 517.5 N      m = F/g = 517.5/10 = 51.8 kg 
 

2018:1 
(d) Surface area of both feet = 2 × 0.0200 = 0.0400 m2    F = P × A = 13000 × 0.0400 = 520 N  
 
2018:3 
(d)  Sinking into the snow depends on pressure – the greater the pressure, the further the skis sink in to 

the snow.  
P = F/A.   The weight force does not change, but the surface area does. If the surface area is increased, 
then the pressure exerted on the snow is decreased. A larger surface area with the same weight will 
have less pressure than a smaller surface area with the same weight. 
 

2017:2 
(b)  Surface area of large hull = 6.55 × 0.40 = 2.62 m2  

Surface area of small hull = 4.00 × 0.15 = 0.60 m2  
Total surface area of BOTH hulls = 2.62 + 0.60 = 3.22 m2  
Weight of waka ama: F = m × g = 9.90 × 10 = 99 N   P = F/A = 99/3.22 = 30.7 Pa (N/m or Nm−2) 
 

(c)  Weight of waka ama and paddler: F = m × g = 76.9 × 10 = 769 N  
P = F/A = 769/3.22 = 238.8 Pa (N/m or Nm−2)  
Sinking into the water depends on pressure – the greater the pressure, the further the waka ama 
sinks.   P = F/A    
A ‘lighter’ waka ama will have less weight force than a ‘heavier’ waka ama. In this example, the waka 
ama has the same area but a greater weight when the paddler is in the canoe, so the waka ama sinks 
deeper into the water because the pressure has increased. 
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2016:1 
(c)  Surface area of all the feet = 4 × 0.0044 = 0.0176 m2    

F = P × A = 200 155 × 0.0176 = 3522.728 N = 3500 N (2 sf) (Correct significant figures not required.) 
 

(d)  P = F/A    The horse and rider sink further into the sand because they have a larger combined mass and 
therefore larger weight force than the horse by itself. Because the force is greater but area the same, 
the pressure is greater, and so the horse and rider will sink deeper into the sand. (The other force 
acting is the support force of the sand, and the horse will sink down until the sand compresses enough 
to balance out the weight force.) 

 
2015:3 
(c)  Surface area of pontoon = 4 × 3 =12 m2  

Weight of pontoon: F = m × g = 185 × 10 = 1850 N  
P = F/A = 1850/12 = 154.2 Pa (N/m² or Nm-2)  
Sinking into the water depends on pressure – the greater the pressure, the further the pontoon sinks. 
P = F/A  
A ‘lighter’ pontoon will have less weight force than a ‘heavier’ pontoon. In this example, the pontoon 
has the same area but a greater weight when the people are on it, so the pontoon sinks deeper into 
the water because the pressure has increased. 
 

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. 

 
Surface area of the chair legs:  4 × 0.001 = 0.004 m2 

Weight of chair: Fw = m × g = 15 × 10 = 150 N 
Pressure exerted:   P=F/A  = 150/0.004 = 37500 Pa (Nm-2) 
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(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. 
 
The footstool has a much larger surface area in contact with the floor than the chair. The force applied 
to both the chair and the footstool are the same because the same person sits on both. 
P = F / A, so if A is bigger then the pressure must be smaller (or vice versa). 
Note: weigh the same is not acceptable  
 

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. 
 
Fweight = mg = 80 x 10 = 800 N 
Area = b x h = 0.25 x 1.6 = 0.4 m2 
P = F / A     P = 800 / 0.4 = 2000 Pa  (or 2000 N m-2) 
 

(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. 
 
Sinking depends on pressure – the greater the pressure, the further the person sinks. 
P = F/A 
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A ‘lighter’ person will have less weight force than a ‘heavier’ person. However, if the ‘lighter’ person’s 
force is spread over a smaller area, it can produce a higher pressure than the ‘heavier’ person. 
In this example, the skis have much less area than the skateboard, so the daughter sinks further than 
her father, even though she is ‘lighter’. 
 
P (dad) = 800/0.4 = 2 000 Pa 
 
F (daughter) = 58 × 10 = 580 N 
A (daughter) = 2 × 0.08 × 1.75 = 0.28 m2 

P (daughter) = F / A = 580 / 0.28 = 2071 Pa 

 
P (daughter) > P (dad) so daughter sinks further into the snow. 
 

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. 

 
 

 
The car’s tread pattern has a greater surface area in contact with the ground than the tractor.  
The car’s weight force (F = mg) will be less than the tractor’s.  
Since P = F/A, a smaller force divided by a larger surface area will lead to less pressure exerted on the 
ground than the tractor. Whereas the tractor having a larger force divided by a smaller area will apply 
far more pressure on the ground causing it to sink more. 
On the beach grip / traction is achieved by sinking into the sand.  
As the car applies a smaller amount of pressure on the sand it will not sink in therefore giving it less 
grip / traction and as a result it gets stuck in sand. 
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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. 

 
 
 
 
 
 
 
 

(b) 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 
 
Pressure: 
How far the balls sink into the flour is determined by the pressure they exert on the surface when they 
land.  
Pressure = force / surface area 
The golf ball has a greater mass than the table-tennis ball which means that its weight force (F = mg) 
will be higher (Fgolf ball = 0.046 × 10 = 0.46 N,  
Ftable-tennis = 0.003 × 10 = 0.03 N). 
As pressure is directly proportional to force, the golf ball will exert more pressure on the ground 
therefore sink in more. 
OR 
Energy: 
Both ball at the same height, but golf ball has bigger mass therefore bigger gravitational energy than 
the tennis ball. When it falls to the ground, all the gravitational energy converted to kinetic energy. 
Because golf ball has bigger kinetic energy when hits the ground, it creates bigger impact, therefore 
deeper crater. 
 

2011:4 
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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. 
F = mg = 40 × 10 = 400 N 
For boot without studs 
P = F/A  P = 400/0.0165 = 24242 Nm-2 or 24242 Pa or 2.43 N cm-2. 
 
For boot with studs 
P =  F/A  P = 400 / 0.9995  P = 666667 N m-2 or  666667 Pa or 66.7 N cm-2 

 

(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. 
 
Comparison 
The pressure exerted by the boot with studs is greater than the boot without studs. 
Relationship 
The smaller the surface area (the force is exerted over), the greater the pressure exerted on the 
ground. 
How it helps on grass 
As the student’s weight is applied over a smaller surface area with the boots with studs, it leads to a 
greater pressure on the ground. This means that the studs will sink into the ground more, which will 
enable the student to get a better grip / traction on grass when running. 
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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.  

 
F = mg = 420 × 10 = 4200 N 
A = F/P = 4200/323 = 13 m2 
 

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. 
 

 
Fatter tyre.  A fatter tyre provides a larger area of contact. Since P = F / A, as area is increased, 
pressure decreases.  Same weight due to same mass OR F = mg 
 

FEELING CONFIDENT (2008;3 – AS90183) 
 

(d) The length of each of Jan’s skis is 1.60 m, and its average width is 0.10 m. The combined mass of Jan 
and her ski gear is 80 kg. 

 
 

 
Force is Jan’s weight  
   = 80 × 10 = 800 N 
   Area of ski = (1.60 × 0.10 ) × 2 
     = 0.32 m2 
Pressure =  F/A = 800/0.32  
     = 2500 Pa or 2500 Nm-2  
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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. 

m = (3500 + 5500)/10 = 900 kg 
 

(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. 
 
 
Side C 

P max = F/A = 1150/0.90 = 1278 Pa or 1278 Nm-2 


