
Motion of a Vehicle on a Surface 

There are several factors that can affect the motion of a vehicle on a surface. 

We need to consider the forces that are acting on the vehicle and the mass of the vehicle. It might be useful 

to think about the momentum of the vehicle or to think about kinetic energy and work. 

I am going to think about a vehicle that is coasting to a standstill (rather than one that is being pushed along by 

a driving force). My vehicle will roll down a smooth ramp and then along a less smooth surface (such as 

carpet).  

Considering Factors 

I could investigate what affects the distance it travels along the carpet. I could change the mass of the vehicle, 

its start speed on the resistive surface itself. 

Mass 

If I increase the mass of the vehicle, then I’ll increase its momentum and its kinetic energy. As force x time = 

change in momentum, it should take longer to stop a vehicle that has got more momentum; if it takes longer 

to stop, the vehicle should travel further. This also agrees with my common sense experience, pushing 

shopping trolleys etc, the more loaded the trolley the further it goes if you get it going and let go of it. 

Start Speed 

If I increase the start speed of the vehicle, then it will have more momentum and more kinetic energy. In a 

similar way to mass, more speed will mean a longer stopping distance. I know this also from riding my bike: if 

I’m cycling fast, and have to stop suddenly I have a bigger braking distance the faster I’m going. 

Surface 

This will affect the size of the counter force. This is the force that slows a moving object down. On a rough 

surface the wheels experience a force as they go over the bumps of the surface or as they push bits of the 

surface out of the way. Pushing a wheel barrow over soft ground, the wheel sinks in a bit and is always 

pushing mud out of its way. 

I’ve thought about the factors and I think I can do an interesting investigation: 

How does the start speed of a vehicle affect its distance to stop (when rolling over a rough 

surface)? 

Thinking about the kinetic energy of the vehicle, a higher speed means more kinetic energy KE= ½ m v2.  So if 

I double the speed of the vehicle, it will have four times the KE. As it rolls over the carpet a force will slow it 

down. This force does work on the vehicle  

Work = Force x distance 

and the KE the vehicle had will equal the work done by the stopping force. I could assume that this force will 

be the same whatever the speed. Then a vehicle with twice the speed would go four times the distance.  

[20MINS] 

I can illustrate this with some calculations. 

Suppose I have two vehicles, both 0.4kg in mass. On leaves the slope at 3 m/s; the other one leaves the slope 

at 6m/s. 

Marking: Good use of sci 

terms – momentum, KE, 

mass, etc. For Sa8 

Marking: Beginning of a quantitative prediction. 

For Sa8 



KEslow = ½ m x v2 = 0.5 x 0.4 x 9 = 1.8 J 

KEfast  = ½ m x v2 = 0.5 x 0.4 x 36 = 7.2 J 

Say the counter force from rolling over the carpet is 6N, then the distance each one should travel can be 

calculated using the formula work = force x distance 

Distance = work ÷ force 

Dslow = 1.8 ÷ 6 = 0.3 m 

Dfast = 7.2 ÷ 6 = 1.2 m 

 
My hypothesis is: 
The faster a vehicle is moving onto a rough surface, the further it will travel 
before stopping. 
The distance to stop increases depending on the speed squared. In other words 
doubling the speed of the vehicle will make its stopping distance quadruple. 
 
 

[Some changes to first section + writing section above = 15 mins] 

Method 

I will roll a trolley down a smooth wooden ramp. At the bottom of the wooden ramp, I will measure its speed 

using a light gate timer. I’ll fix a card to the top of the trolley. The timer will measure the time that the card 

breaks the light beam. The card will be 10cm long and this will allow me to calculate the speed of the trolley 

at the bottom of the ramp. I’m using the light gate timer as it will measure the time for the trolley to pass very 

accurately and reliably. 

The trolley will roll off the end of the wooden ramp onto a length of carpet. This will provide a counter force 

that will slow the trolley down and make it stop. 

I did a quick check to make sure that the trolley did go a very different distance when released from different 

heights up the ramp. I released the trolley from 5cm along the ramp and from 40 cm along the ramp. This was 

just to check that the height of the ramp was suitable for the carpet, mass of trolley etc. 

Ramp run length (cm)  Beam interrupt time (s) Stopping distance on carpet (cm) 
5 0.200 43.5 
40 0.093 97 
  

This shows me that the experiment will work. These starting positions on the ramp make enough of a 

difference to see that the stopping distance will be different. The trolley did not run off the end of the carpet; 

if I were to make the starting position much higher up the ramp, it would go off the end, so I can’t increase 

that. If I were to make the start position much lower, the trolley would hardly be moving at all. 

I have tested the reliability by rolling the trolley from the same position on the ramp ten times. The trolley 

was released from the 30cm mark on the ramp. Here are the results for this check: 

Beam interrupt time (s) 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

0.106 0.107 0.105 0.105 0.107 0.105 0.105 0.106 0.107 0.106 
 

Marking: A complete quantitative prediction, 

supported by explanation above; fluent use of sci 

terms, in equations etc – Sa8 
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The spread of these results is from 0.105 to 0.107 – only 2 ms difference between the highest and the lowest 

reading. This is much better than timing with a stopwatch. Timing 0.1 of a second with a stopwatch would not 

be very reliable – human reaction time is not very consistent. 

In the same check, I also measured the stopping distance of the trolley ten times. I measured this to the 

nearest 0.5 cm. To measure this carefully I put one end of the meter ruler against the end of the wooden 

board, then I measured to the middle of the back of the trolley and I used a set square to make sure I took 

the measurement accurately. 

Here are the results for this check: 

Stopping distance (cm) 
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

81.0 85.0 86.5 79.5 82.0 85.5 86.0 85.0 83.5 84.0 
 

The spread for these results is from 79.5 to 86.5 = 7cm 

If time allowed, I would record 5 repeats for each speed, but time is limited so I will have to limit the repeats 

to 3 readings for each speed. This should be enough for me to spot any clear outliers and I hope I will be able 

to see a clear difference between the stopping distance at difference speeds. 

The trolley will roll off the end of the wooden ramp onto a length of carpet. This will provide a counter force 

that will slow the trolley down and make it stop. 

[30 mins for method including prelim checks]  

Marking: justifying the choice of technique – for Sb8 

Marking: checks and prelim work have been used to check that the 

range and number of repeats is suitable to achieve high quality results 

– for C8  



A184  Controlled Assessment Practical Investigation   Mon YEAR 

 

Name:  Ally Davies Date: 23 May 2012 

Title of activity: Motion of Vehicle on Slope 

Hazards:  
Slope could fall 

Trip hazard from equipment on floor / trailing leads 

 

Suggested Control Measures:                                                                                        
Hold in place with clamp 

Make sure all equipment is on desk or completely 

under desk; make sure leads are on table. 

References – if you have looked up information about the risk(s)  
NA 

 

Risk 

Calculator 

Likelihood 

Unlikely 

 

Possible Likely 

 

 

Slightly 

Harmful 

Trivial 

(No action required) 

Acceptable 

(No action required) 

Moderate 

(If reasonable, take action to 

reduce risk) 

 

Harmful 

Acceptable 

(No action required) 

Moderate 

(If reasonable, take action 

to reduce risk) 

Substantial 

(Action must be taken to 

remove or reduce risk) 

 

Very 

Harmful 

Moderate 

(If reasonable, take action to 

reduce risk) 

Substantial 

(Action must be taken to 

remove or reduce risk) 

Unacceptable 

(Action must be taken to 

remove or reduce risk) 

This risk assessment is to provide general information on the type of hazards staff and pupils will be involved 

in and exposed to. The risk calculator should be used to discover the likelihood and level of risk. You should 

aim to put control measures in place to make the risk moderate or below; if the risk is substantial or above 

then more control measures need to be used. 

Level of risk for this activity 

trivial 

Pupil signature and date 

AGD 

Teacher initials and date 

 

 



Controlling Risk 

In this experiment there are few hazards and the risks they present are low. The board I am using as a ramp 

might fall from its position. It is sensible to keep fingers and feet out of the gap under the ramp, just in case it 

does slip, but it is not sharp on its edge and it is only raised by 25 cm at one end. It might hurt if it landed on 

your fingers, but it wouldn’t cause a serious injury.  

[Doing this experiment in a lab of pupils I would clamp the ramp in position with two clamps to make it 

stable. As I was alone in the lab, I rested the lower end of the ramp on the carpet (making it unlikely to slip) 

and put the upper end of the ramp on some blutak (to reduce the chance of it slipping).] 

Trailing leads – I made sure the leads were not a trip hazard. [As I was working alone in the lab, I did have 

leads on the floor, but I knew they were there and I was working right beside them.] I will make sure the 

leads stay over the desk, where no one will trip over them. 

[20 mins for RA] 

Results 

Ramp run length, l 

(cm) 

Beam interrupt time, t 

(s) 

Speed, v 

{= 0.1 / t} (m/s) 

Stopping distance, d 

(cm) 

5 0.200 0.500 43.5 

5 0.199 0.503 45.5 

5 0.197 0.508 44.0 

10 0.159 0.629 52.5 

10 0.162 0.617 53.0 

10 0.162 0.617 47.0 

15 0.139 0.719 60.5 

15 0.139 0.719 61.5 

15 0.139 0.719 64.0 

20 0.126 0.794 71.0 

20 0.125 0.800 70.0 

20 0.126 0.794 70.5 

25 0.115 0.870 78.5 

25 0.114 0.877 78.0 

25 0.114 0.877 78.5 

30 0.106 0.943 85.5 

30 0.106 0.943 85.0 

30 0.106 0.943 83.5 

35 0.098 1.020 93.5 

35 0.099 1.010 93.5 

35 0.099 1.010 93.5 

40 0.093 1.075 97.0 

40 0.094 1.064 96.5 

40 0.094 1.064 97.0 

 

Marking: Risk assessment is thorough – identifies ways of minimising 

risk – good for Sb8 

Marking: regular repeats – one outlier is highlighted and the outlier has not been included in the analysis. It is 

plotted as a circle in the graph to indicate it’s an outlier. Good for C8. 



Analysis 

 

[40 mins to do expt; 30 mins writing up results, doing calcs of speed and making graph] 

The graph clearly shows that as start speed increases, so does stopping distance. This agrees with my 

hypothesis. However, the graph does not show that the distance quadruples when the speed doubles. For 

example when the speed increased from 0.5 m/s to 1.0 m/s, the stopping distance increased from about 44 cm 

to about 92 cm (so it just more than doubled). It didn’t go up by anything like four times, that would be from 

44 cm to 176 cm. My results show almost direct proportionality – the stopping distance certainly seems to 

increase linearly with the speed, the graph shows this as it is a straight line. The line almost goes through the 

origin, and we can see that doubling the start speed from 0.5 to 1.0 results in the stopping distance increasing 

from about 43cm to about 90cm (just about doubling).  

My repeat readings were generally very close to each other (though the 10cm ramp run – about 0.62 m/s – 

had one reading a bit lower than the other two; this could be an outlier, so I’ve highlighted it in the table). 

This one outlier went a smaller distance than the other two, so it might have gone over a bump in the carpet 

or it might have snagged on the carpet. 
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Marking: The spread of the data is clear because the graph shows 

every data point that was recorded. The start speeds were almost the 

same for each of the repeats, but not quite. A8 

Marking: critical evaluation of repeatability; 

suggestion of possible cause of outlier - Eb8 

Marking: 

points accurately plotted 

graph shows good line of best fit 

good for A6 

Marking: 

large scale axes 

axes labelled with title and units 

good for A6 

 



I collected data over a good range (ramp runs from 5 cm to 40 cm), but the speeds and the stopping distances 

didn’t actually change very much. I did 3 repeats for each ramp run length and I was careful to line everything 

up so it was repeatable. I kept the ramp at 25.0cm height above the floor. I marked on the ramp the position 

of the light gate, so I was sure it was in the same position every time. I was careful to line up the end of the 

trolley at the start point, and I was careful to measure from the middle of the back of the trolley to the edge 

of the ramp. I used the same trolley for every run, so I know that it was the same mass, and I believe the 

friction of the wheels stayed the same throughout. The carpet was flat and level, so any unevenness was as 

small as I could get it. I used the same card to interrupt the beam and I marked the trolley so I knew it stayed 

in the same place and stayed the same length. 

I used a light gate timer to record the beam interrupt time. This was very precise (to the nearest millisecond) 

and very reliable (I checked this at the start). I measured the stopping distance to the nearest 0.5cm using a 1 

metre ruler with mm marks. I could have tried measuring to the nearest mm, but this was difficult to do as 

the trolley ended up at a slight angle, so it would not be at all easy to measure the distance accurately to the 

nearest mm. 

It would have been good to have had a longer length of carpet to allow me to test much higher speeds. Really 

the range of speeds was quite small – from 0.5 m/s to just over 1 m/s. It would be better to do readings up to 

speeds of about 3m/s and I could also extend the range by checking lower start speeds (say about 0.1 or 0.2 

m/s). 

 [30 mins for evaluation of range and repeatability of practical experiment] 

 

 

 

 

 

So far – hypothesis, planning, practical and analysis of primary data (results recorded from student’s own 

practical work) and evaluation of practical work. [Total time 2 hrs 50 mins so far.] 

Still to do – analysis of secondary data (some provided by exam board, some researched by the candidate), 

and evaluation of whole investigation (considering primary and secondary data). 

Marking: Justification of why no improvement necessary to most 

aspects and some suggestion of how to improve the range (detail = 

exact speeds rather than just higher speed).  Ea8 


