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Newton’s Second Law 

Objectives 

P2.15  Recall and use Newton's Second Law as: force (newton, N) = mass (kilogram, kg) × acceleration 

(metre per second squared, m/s2), F = m × a. 

P2.19  Investigate the relationship between force, mass and acceleration by varying the masses added to 

trolleys.  

P2.22  H 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. 

Maths requirements 

3a  Understand and use the symbols: =, <, <<, >>, >, ∝, ~. 

3b  Change the subject of an equation. 

3c  Substitute numerical values into algebraic equations using appropriate units for physical 

quantities. 

3d  Solve simple algebraic equations. 

Learning outcomes 

SP2.15  Describe what an acceleration is. 

SP2.15  List the factors that affect the acceleration of an object. 

SP2.15  Recall the equation that relates the factors affecting acceleration. 

SP2.15  Use the equation relating force, mass and acceleration. 

SP2.15  Change the subject of the equation relating force, mass and acceleration. 

SP2.22  H Explain what inertial mass means. 
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Exploring 

1. Investigating force, mass and acceleration – Core practical

This practical forms part of the core practical requirement of the specification. See Students' sheet 
CP1(Investigating force,mass,acceleration) for a full method for this practical. The method on the worksheet 

assumes that students are investigating the effects of mass on acceleration with a constant force. 

If sufficient light gates are not available, students should mark a measured length on the ramp and use a stop 

clock to time how long the trolley takes to travel this distance. The acceleration can then be calculated using 

a = (v – u) / t (students will have met this if they have studied Unit SP1). 

Support: The practical could be simplified for students working at lower levels by asking them to time how long 

it takes the trolley from release to the end of the ramp. The time can be used as a measure of the acceleration. 

It will also be helpful to suggest the masses to be used and the number of repeats needed in their investigation. 

Ensure that students know how to draw a curve of best fit. Skills sheet PD6 Scatter graphs may be useful. 

Stretch: Show students the apparatus and discuss the idea of a friction-compensated ramp. Show them how to 

set up light gates, and then ask them to plan their own method to investigate the effects of force and mass on 

acceleration. If time permits, students could investigate both variables or groups could be given just one of 

them to investigate. For students investigating the effects of force, note that the falling masses are also being 

accelerated and so form part of the overall system mass. The total mass of the system must therefore be kept 

the same. This is best done by using the same total number of masses for each run and transferring them from 

the trolley to the hanging stack to increase the force. 

Safety 

Ensure masses cannot fall on feet by placing a box full of crumpled newspaper beneath the weights. 

Take care when moving ramps as these can be heavy. If the large 2 m ramps are being used, set these out 

before the lesson. 

Expected results 

If investigating the effect of mass, they should find that the acceleration is inversely proportional to mass 

(encourage students to plot acceleration against 1/mass to check for inverse proportionality). Students 

investigating the effects of force should find that acceleration is proportional to force if a fixed total mass is 

used. 

Course resources 

Phys Students' sheet CP1

Equipment 

trolley, ramp, blocks, pulley, string, stacking masses, mass hanger, sticky tape, card, sticky tack, 2 light 

gates, 2 clamps and stands, access to balance, datalogger (set up to measure velocities from the light gate 

readings and the time between the two readings – students will need to enter the length of the card mounted 

on their trolley), box of crumpled newspaper 




