
frrru ard tvtoh;hWr r)

2.2O Explain that an object moving in a circular orbit at 5b

constant speed has a changing velocity (qualitative
only)

2.2t Explain that for motion in a circle there must be a 5b

resultant force known as a centripetal force that acts
towards the centre of the circle

2.22 Explain that ine*ial mass is a measure of how difficult it lc,
is to change the velocity of an obiect (inctuding from
rest) and know that it is defined as the ratio of force
over acceteration

2.23 Recall and apply Newton's third law both to equilibrium 1a, 1c, 1d

situations and to collision interactions and relate it to the 
Za

conservation of momenturn in collisions
3a, 3b,3c,3d

2.24 Define momentum, recall and use the equation: 1a, 1c, 1d

momentum (kilogram metre per second, kg m/9) = 2a

mass (kilogramr kg) x velocity (metre per second, m/s) 3a, 3b, 3c, 3d

P=mxv
2.25 Describe examples of momentum in collisions 1a, 1c, 1d

2a

3a, 3b, 3c,3d

2.26 Use Newton's second Iaw as: 1a, 1c, 1d

force (newton, N) = change in momentum (kilogram 2a

metre per second, kg m/s) + time (second, s) 3a,3b,3c, 3d

o -(*, - mu)
a -- t

2.27 Explain methods of measuring human reaction times and 2a,2b,2c,29
recall typical results

2.28 Recall that the stopping distance of a vehicle is made up of the 1a

sum of the thinking distance and the braking distance

2.29 Explain that the stopping distance of a vehicle is affected by a lc, ld
range of factors including: 2b, Zc, Zh

a the mass of the vehicle :k ?^

. b the speed of the vehicle

c the driver's reaction time

d the state of the vehicle's brakes

e the state of the road

f the amount of friction between the tyre and the road

surface
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2.30 Describe the factors affecting a driver's reaction time including
drugs and distractions

2.37 Explain the dangers caused by large decelerations and
estimate the forces involved in typical situations on a
public road

2.32P Estimate how the distance required for a road vehicle to stop
in an emergency varies over a range of typical speeds

1d

2b,2h

3c

3a,3b,3c, 3d

2.33P Carry out calculations on work done to show the aepenOence 1c, 1d

of braking distance fnr a vehicle on initial velocity squared 
2b. 2h

(work done to bring a vehicle to rest equals its initial kinetic
3b, 3cenergy)

Use of mathematics

o Make calculations using ratios and proportional reasoning to convert units and to compute
rates (1c, 3c).

r Relate changes and differences in motion to appropriate distance-time, and velocity-time
graphs, and interpret lines and slopes (4a, 4b, 4c, 4d).

. Interpret enclosed areas in velocity-time graphs (4a, 4br 4c,4,d,4f),

r Apply formulae relating distance, time and speed, for uniform motion, and for motion with
uniform acceleration, and calculate average speed for non-uniform motion (1a, 1c, 3c).

o Estimate how the distances required for road vehicles to stop in an emergency, varies
over a range of typical speeds (1c, 1d, 2c,2h,3b, 3c).

. Apply formulae relating force, mass and relevant physical constants, including
gravitational field strength, to explore how changes in these are inter-related (1c, 3b, 3c).

. Apply formulae relating force, mass, velocity and acceleration to explain how the changes
involved are inter-related (3b, 3c, 3d).

r Estimate, for everyday road transport, the speed, accelerations and forces invo[ved in

large accelerations {Ld, 2b,2h, 3c).

Suggested practicals

o Investigate the acceleration, g, in free fall and the magnitudes of everyday accelerations.

r Investigate conservation of momentum during collisions.

r Investigate inelastic collisions with the two objects remaining together after the collision

and also'near' elastic collisions.

r Investigate the relationship between mass and weight. ,

r Investigate how crumple zones can be used to reduce the forces in collisions,

Pearson Edexcel Level 1/Level 2 GCSE (9-1) in Physics
Specification - Issue 3 - February 2018 O Pearson Education Limited 2018

1c, 1d,

2c,2h,

3b, 3c

1a, 1c, 1d

2a
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Core practical 1: Investigating force, mass and 
acceleration 

2.19 Core practical: Investigate the relationship between force, mass and acceleration by 
varying the masses added to trolleys 

Links to the specification content 
2.8 Recall and use the equation: 
 acceleration (metre per second squared, m/s2) = change in velocity 

(metre per second, m/s) ÷ time taken (second, s) 

 

 
t

uv
a




 
2.11 Describe a range of laboratory methods for determining the speeds of 

objects such as the use of light gates 
2.15 Recall and use Newton’s second law as: 
 force (newton, N) = mass (kilogram, kg) × acceleration (metre per 

second squared, m/s2) 

 amF   
2.22 Explain that inertial mass is a measure of how difficult it is to 

change the velocity of an object (including from rest) and know 
that it is defined as the ratio of force over acceleration 

Introducing the practical 
This practical can be done in one session. Students should already be familiar with the 
use of light gates and dataloggers for measuring times and velocity. Dataloggers can be 
set to measure acceleration directly but calculating acceleration from velocity and time 
measurements can lead to a deeper understanding of the concepts involved. The 
practical can be adapted to the situation where dataloggers are not available. 
 

Link to GCSE Science 2011: ‘Investigate the relationship between force, mass 
and acceleration’ is a practical embedded in the specification, Unit P2, Topic 3, 
3.15. 

 

Questions you could ask to enhance learning and focus your students on 
important aspects of the practical: 

 Why is one end of the ramp propped up? 
 How would you calculate the force pulling the trolley? 
 Why do you use the same force pulling the trolley each time? 
 Why do you need two light gates? 
 What effect does the mass on the end of the string have on the total mass in the 

table of results? 
 What are the main errors involved in this procedure? 
 How can you improve the procedure? 
 This practical investigates the relationship between mass and acceleration. 

How could you use the same equipment to investigate the relationship between 
force and acceleration? 

Skills that are covered in the practical: 
 Using a digital balance to measure the mass of the trolley 
 Using light gates 
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 Using data logging software to measure velocity and time 
 Recording measurements systematically in a complex table 

Maths skills  
 Substituting measured values into the equation for acceleration 
 Plotting a graph of acceleration against mass 
 Drawing a smooth curve 
 Interpreting a graph showing an inverse relationship 
 Extending this to plot a graph of acceleration against 1/mass to produce a straight 

line 
 Interpreting the straight line graph 

Sample question 

This example is taken from the sample assessment material, paper 1PH0/1H, Q7, part 
(a) Although this is not about core practical 1 directly, the commentary below outlines 
how the skills students will have gained by carrying out the practical may be shown in 
the final exams. 
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Part (a) requires students to demonstrate knowledge and understanding of 
scientific ideas and procedures related to this particular practical. They will have 
carried out a practical similar to this, using a similar method, but varied the mass 
of the trolley. This practical varies the height, but the principle is the same. 
Therefore students should be able to use their understanding of the core practical 
they have carried out to outline how the practical should be carried out. 

 
 
  



Details

Activity Length
20 mins.

Topics
Human Body

Activity Type
Game

Language
English 

How fast can you react?

In this activity, the students participate in a simple ruler drop experiment and learn about the
body’s response behind it.

When your friend drops the timer in the experiment, you see it start to move. A nerve signal
travels from your eye to your brain then to your finger muscles. Your finger muscles move to
catch the timer. The whole process takes between 150 and 220 milliseconds.

The neural pathway involved in a reaction time experiment involves a series of neural
processes. This experiment does not test a simple reflex. Rather, this activity is designed to
measure the response time to something that you see. 

Catching a dropped ruler begins with the eye watching the ruler in anticipation of it falling. After
the ruler is dropped, the eye sends a message to the visual cortex, which perceives that the
ruler has fallen. The visual cortex sends a message to the motor cortex to initiate catching the
ruler. The motor cortex sends a message to the spinal cord, which then sends a message to the
muscle in the hand/fingers. The final process is the contraction of the muscles as the hand
grasps the ruler. All of these processes involve individual neurons that transmit electrochemical
messages to other neurons. 

A person’s reaction time depends on a couple of things that can be improved and a couple
that cannot.

Practice does make perfect because you can create a “muscle memory” that means you do not
have to think so much to catch the ruler. You can take the time it takes to decide things out of
the equation Much of the time it takes you to react to the ruler dropping is the time it takes

REACTION TIME RULER



the equation. Much of the time it takes you to react to the ruler dropping is the time it takes
electrical signals to travel along your nerves. Moving at about 100 metres per second, a signal
telling a finger to move has to travel from your brain down your spinal cord and into your arm.
Signals for muscle control generally move faster than other ones. (Pain signals for example,
move very slowly, often less than one metre per second). But these signals are “involuntary”
which means that no matter how hard you try, you cannot control how quickly they occur.

The distance the reaction timer travels before you catch it has been converted to time using
the equation d=1/2at² where a is the acceleration due to gravity.

This is a recommended pre-visit activity to Science World.

Objectives

Describe how the nervous system responds to a stimulus.

Materials

Per Student Pair:
copy of reaction timer template (https://www.scienceworld.ca/wp-
content/uploads/attachments/resources/ReactionTime.pdf) printed onto stiff card or
attached to a ruler with tape

Key Questions

How fast is your reaction time?

What had to happen in your body for you to catch the ruler?

How can reaction time be improved?

Does your reaction time improve with practice?

Why was the ruler caught in the middle (after a lag period) rather than at the end (instantaneously)?

What causes this hesitation?

What To Do

Preparation:

1. Photocopy and cut out the reaction timer (double-check the size is accurate).
2. Glue or tape it to a piece of stiff cardboard or ruler (unless printed onto card).

https://www.scienceworld.ca/wp-content/uploads/attachments/resources/ReactionTime.pdf


Activity:

1. Have students form partners for the activity.Each pair should decide who is number 1 and
who is 2.

2. Give each pair a ruler.
3. Instruct student number 1 to hold the ruler near the end (highest number) and let it hang

down. Student number 2 should put their hand at the bottom of the ruler and be ready to
grab the ruler (however, they should not be touching the ruler). 

4. Student number 1 will drop the ruler sometime within the next 5 seconds and student
number 2 must try to catch the ruler as fast as they can after it is dropped.

5. Record the level (inches or centimeters) at which they catch the ruler (see table below for
conversion into reaction time). Test student number 2 3-5 times (varying the time of
dropping the ruler within the 5 second “drop-zone” so they cannot guess when the ruler
will fall). Repeat and get student number 2 to switch hands. 



6. Swap positions so that student number 1 can test their reaction time.

Conversion Table (modified from Neuroscience for Kids):

Distance Time
2 in (~5 cm) 0.10 sec (100 ms)
4 in (~10 cm) 0.14 sec (140 ms)
6 in (~15 cm) 0.17 sec (170 ms)



8 in (~20 cm) 0.20 sec (200 ms)
10 in (~25.5 cm) 0.23 sec (230 ms)
12 in (~30.5 cm) 0.25 sec (250 ms)
17 in (~43 cm) 0.30 sec (300 ms)
24 in (~61 cm) 0.35 sec (350 ms)
31 in (~79 cm) 0.40 sec (400 ms)
39 in (~99 cm) 0.45 sec (450 ms)
48 in (~123 cm) 0.50 sec (500 ms)
69 in (~175 cm) 0.60 sec (600 ms)

7. Explain that in order to catch the ruler a lot of messages have to be passed along different
nerves:

The eye sees the ruler drop.

The eye sends a message to the visual cortex in the brain.

The visual cortex sends a message to the motor cortex in the brain.

The motor cortex sends a message to the spinal cord.

The spinal cord sends a message to the hand/finger muscle.

The finger muscle contracts to catch the ruler.

This happens almost instantaneously. How fast it actually happens is called the reaction time.

When comparing hands, students will usually find that their dominant hand is faster. Because
the dominant hand is used more often every day, the neurons that carry messages between
that hand and the brain are faster at transmitting electro-chemical signals. They are
communicating along well-worn pathways. By running the same messages along the same
pathway repeatedly, students can improve their motor skills.  The phrase “practice makes
perfect” is scientifically accurate.

Extensions

There are a lot of interesting questions you can ask about reaction time. Pick one or ask one of your

own and design an experiment to find out the answer.

How did we know where the marks should go? Can you make a longer timer? Do you need to?

Do students who play sports or musical instruments have faster reaction times?

How does your reaction time change if you use your peripheral vision?

Make the experiment more interesting by substituting candy bars (or another long snack) for the

rulers. The students with the quickest reaction time get to eat the candy bar.



Other Resources

University of Washington | Faculty of Education | Neuroscience for Kids
(https://faculty.washington.edu/chudler/chreflex.html)

https://faculty.washington.edu/chudler/chreflex.html

