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Unit 3 AOS 1 Formula Sheet - Motion 
Constants 

Acceleration due to gravity at Earth’s surface 𝑔 = 9.81 m s−2 

 

Newton’s laws of motion 

Velocity; acceleration (vectors) 𝑣 =
∆𝑥

∆𝑡
; 𝑎 =

∆𝑣

∆𝑡
 

∆𝑥 = s = displacement/change in position (m) 
∆𝑡 = time (s) 
𝑣 = velocity (m s-1) 
∆𝑣 = change in velocity (m s-1) 
𝑎 = acceleration (m s-2) 

Equations for constant 
acceleration 

𝑣 = 𝑢 + 𝑎𝑡 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

𝑠 = 𝑣𝑡 −
1

2
𝑎𝑡2 

𝑣2 = 𝑢2 + 2𝑎𝑠 

𝑠 =
1

2
(𝑢 + 𝑣)𝑡 

 

𝑣 = final velocity (m s-1) 
𝑢 = initial velocity (m s-1) 
𝑎 = acceleration (m s-2) 
𝑠 = displacement (m) 
𝑡 = time (s) 

Newton’s second law 𝐹𝑛𝑒𝑡 = 𝑚𝑎 
𝐹𝑛𝑒𝑡 = net force (N) 
𝑚 = mass (kg) 
𝑎 = acceleration (m s-2) 

Period of object moving in a 
circular path* 𝑇 =

1

𝑓
 

𝑇 = period (s) 
𝑓 = frequency (Hz or s-1) 

Velocity of object moving in a 
circular path 𝑣 =

2𝜋𝑟

𝑇
 

𝑣 =velocity (m s-1) 
𝑟 = radius (m) 
𝑇 = period (s) 

Centripetal force 𝐹𝑛𝑒𝑡 =
𝑚𝑣2

𝑟
=

4𝜋2𝑟𝑚

𝑇2
 

𝐹𝑛𝑒𝑡 = net force/centripetal force (N) 
𝑚 = mass (kg) 
𝑣 =velocity (m s-1) 
𝑟 = radius (m) 
𝑇 = period (s) 

Centripetal acceleration* 𝑎 =
𝑣2

𝑟
=

4𝜋2𝑟

𝑇2
 

𝑎 = centripetal acceleration (m s-2) 
𝑣 =velocity (m s-1) 
𝑟 = radius (m) 
𝑇 = period (s) 

Angle of banked track* tan(𝜃) =
𝑣2

𝑟𝑔
 

𝜃 = banking angle from horizontal (°) 
𝑣 = velocity (m s-1) 
𝑟 = radius (m) 

Design speed of banked track* 𝑣 = √𝑟𝑔𝑡𝑎𝑛(𝜃) 
𝑣 = velocity (m s-1) 
𝑟 = radius (m) 
𝜃 = banking angle from horizontal (°) 

Minimum velocity (top, inside 
circle) or maximum velocity 
(top, outside circle) to stay in 
contact with track* 

𝑣 = √𝑟𝑔 

𝑣 = velocity (m s-1) 
𝑟 = radius (m) 

Range of projectile with 
symmetrical trajectory* 𝑅 =

𝑢2sin (2𝜃)

𝑔
 

𝑅 = range/horizontal displacement (m) 
𝑢 = initial velocity (m s-1) 
𝜃 = angle of firing above horizontal (°) 
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 Relationships between force, energy and mass 

Hooke’s Law 
(springs) 

𝐹𝑠 = −𝑘∆𝑥 
 
Note: negative sign denotes direction 

𝐹𝑠 = force by the spring (N) 
𝑘 = spring constant (N m-1) 
∆𝑥 = change in spring length by extension or 
compression (m) 

Elastic potential 
energy 

𝐸𝑠 =
1

2
𝑘∆𝑥2 

OR: area under force-extension (or force-
compression) graph 

𝐸𝑠 = elastic potential energy (J) 
𝑘 = spring constant (N m-1) 
∆𝑥 = change in spring length by extension or 
compression (m) 

Kinetic energy 𝐸𝑘 =
1

2
𝑚𝑣2 

𝐸𝑘 = kinetic energy (J) 
𝑚 = mass (kg) 
𝑣 = speed (m s-1) 

Gravitational 
potential energy 

𝐸𝑔 = 𝑚𝑔∆ℎ 
Note: only use when close to Earth’s surface, 
where 𝑔 can be considered a constant. 

𝐸𝑔 = gravitational potential energy (J) 
𝑚 = mass (kg) 
∆ℎ = change in vertical height (m) 

Momentum 
(vector) 

𝑝 = 𝑚𝑣 
 
 

𝑝 = momentum (kg m s-1) 
𝑚 = mass (kg) 
𝑣 = velocity (m s-1) 

Impulse (vector) 

𝐼 = ∆𝑝 = 𝑚∆𝑣 = 𝐹𝑎𝑣∆𝑡 
 
OR: area under force-time graph 
 
 

𝐼 = impulse (N s) 
∆𝑝 = change in momentum (m s-1) 
𝑚 = mass (kg) 
∆𝑣 =  change in velocity (m s-1) 
𝐹𝑎𝑣 = average force (N) 
∆𝑡 = time (s)  

Conservation of 
momentum* 

∑ 𝑝𝑖 = ∑ 𝑝𝑓  

 
Two objects colliding and remaining separate: 
𝑚1𝑢1 + 𝑚2𝑢2 = 𝑚1𝑣1 + 𝑚2𝑣2 
Two objects colliding and joining together:  
𝑚1𝑢1 + 𝑚2𝑢2 = (𝑚1 + 𝑚2)𝑣  
 

∑ 𝑝𝑖 = sum of initial momenta (kg m s-1) 
∑ 𝑝𝑓 = sum of final momenta (kg m s-1) 
𝑣 = final velocity (m s-1) 
𝑢 = initial velocity (m s-1)  
𝑚 = mass (kg) 
 

Work done* 

𝑊 = ∆𝐸 = 𝐹𝑠𝑐𝑜𝑠(𝜃) 
Note: only use if force is constant 
 
OR: area under force-distance graph (if force not 
constant) 

𝑊 = work done (J) 
∆𝐸 = change in energy (J) 
𝐹 = force (N) 
𝑠 = displacement (m) 
𝜃 = angle between displacement and force (°) 

Power* 𝑃 =
𝑊

𝑡
 

 

𝑃 = power (W) 
𝑊 = work done (J) 
𝑡 = time (s) 

Elastic collision* 
∑ 𝐸𝑘(𝑖) = ∑ 𝐸𝑘(𝑓) 

Note: for an inelastic collision, ∑ 𝐸𝑘(𝑖) > ∑ 𝐸𝑘(𝑓) 
 

∑ 𝐸𝑘(𝑖) = sum of initial kinetic energies (J) 
∑ 𝐸𝑘(𝑓) = sum of final kinetic energies (J) 

* Indicates formulae that are not included in the official VCAA formula sheet 

Unit conversions 

1 m s-1 = 3.6 km h-1 
p=pico=10−12  n=nano=10−9 μ=micro=10−6 m=milli=10−3  

k=kilo=103  M=mega=106  G=giga=109 T=tera=1012 
 


