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© OCR 2023 1 

 

1. Mathematics 
 

Mensuration 

Circle 

Radius = r 

Diameter = d 

Area of a circle = 𝜋𝜋𝑟𝑟2 or = 𝜋𝜋
4
𝑑𝑑2 

Circumference of a circle = 2𝜋𝜋𝜋𝜋 or  = 𝜋𝜋𝜋𝜋 

 
Rectangle 

Area = 𝑙𝑙ℎ 

Perimeter = 2𝑙𝑙 +  2ℎ 

 

 

 

Triangle 

Area = 1
2
𝑏𝑏ℎ  or  1

2
𝑏𝑏𝑏𝑏 sin𝐴𝐴    

Perimeter = 𝑎𝑎 +  𝑏𝑏 +  𝑐𝑐 

 

 

 

Cylinder 

Curved surface area = 2𝜋𝜋𝜋𝜋ℎ 

Total surface area = 2𝜋𝜋𝑟𝑟2 + 2𝜋𝜋𝜋𝜋ℎ 

Volume = 𝜋𝜋𝑟𝑟2ℎ 

 

 

d 
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Sphere 

Surface area = 4𝜋𝜋𝑟𝑟2 

Volume = 4
3
𝜋𝜋𝑟𝑟3 

 

 

Cone 

Curved surface area = 𝜋𝜋𝜋𝜋𝜋𝜋 

Total surface area = 𝜋𝜋𝑟𝑟2 + 𝜋𝜋𝜋𝜋𝜋𝜋 

Volume = 1
3
𝜋𝜋𝑟𝑟2ℎ 

 

 

 

Density 

Density = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

      𝜌𝜌 =  𝑚𝑚
𝑣𝑣
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Algebra – straight-lines 

Straight-line      y = mx + c, where:  

gradient 𝑚𝑚 = ∆𝑦𝑦
∆𝑥𝑥

  

the intercept = c 

 

Trigonometry 
Trigonometric Ratios 

 𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃 = 𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑦𝑦𝑦𝑦

  

𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 =
𝑎𝑎𝑎𝑎𝑎𝑎
ℎ𝑦𝑦𝑦𝑦

 

𝑡𝑡𝑡𝑡𝑡𝑡 𝜃𝜃 =
𝑜𝑜𝑜𝑜𝑜𝑜
𝑎𝑎𝑎𝑎𝑎𝑎

 

Pythagoras’ rule:   ℎ𝑦𝑦𝑦𝑦2 = 𝑜𝑜𝑜𝑜𝑜𝑜2 + 𝑎𝑎𝑎𝑎𝑎𝑎2 

 

Converting between radians and degrees 

       𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑒𝑒𝑒𝑒𝑠𝑠 × 𝜋𝜋
180

 
 
       𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑒𝑒𝑒𝑒𝑠𝑠 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎 × 180

𝜋𝜋
 

 
 
Sine and Cosine rules 

Sine rule:   𝑠𝑠𝑠𝑠𝑠𝑠 𝐴𝐴
𝑎𝑎

= sin𝐵𝐵
𝑏𝑏

= sin𝐶𝐶
c

 

 

Cosine rule: 𝑎𝑎2 = 𝑏𝑏2 + 𝑐𝑐2 − 2𝑏𝑏𝑏𝑏 cos𝐴𝐴 

𝑏𝑏2 = 𝑎𝑎2 + 𝑐𝑐2 − 2𝑎𝑎𝑎𝑎 cos𝐵𝐵 

𝑐𝑐2 = 𝑏𝑏2 + 𝑎𝑎2 − 2𝑎𝑎𝑎𝑎 cos𝐶𝐶 

  

a 

A 

b 

B 

C 

c 

Opposite 
(opp) 

Adjacent (adj) 

Hypotenuse (hyp) 

θ 
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2. Mechanical equations 
 
Systems of forces 

Moment = force × distance         𝑀𝑀 = 𝐹𝐹𝐹𝐹 

Vertical component of force      𝐹𝐹𝑣𝑣 = 𝐹𝐹 𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃,  𝜃𝜃 from the horizontal 

Horizontal component of force    𝐹𝐹ℎ = 𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃,  𝜃𝜃 from the horizontal 

Resultant force      𝐹𝐹𝑅𝑅 = �∑𝐹𝐹𝑣𝑣2 + ∑𝐹𝐹ℎ2 

Direct tensile or compressive stress       𝜎𝜎 = 𝐹𝐹
𝐴𝐴
 

Direct tensile or compressive strain       𝜀𝜀 = 𝛥𝛥𝛥𝛥
𝐿𝐿

 

Modulus of elasticity or Young’s modulus      𝐸𝐸 = 𝜎𝜎
𝜀𝜀
 

Shear stress          𝜏𝜏 = 𝐹𝐹
𝐴𝐴
 

Shear strain          𝛾𝛾 = 𝛥𝛥𝛥𝛥
𝐿𝐿

 

Modulus of rigidity         𝐺𝐺 = 𝜏𝜏
𝛾𝛾
 

 
Linear dynamic systems 

Force = mass x acceleration        𝐹𝐹 = 𝑚𝑚𝑚𝑚 

Weight = mass x acceleration due to gravity     𝑊𝑊 = 𝑚𝑚𝑚𝑚 

Work done = force x distance       𝑊𝑊 = 𝐹𝐹𝐹𝐹 

Gravitational potential energy = mass x gravitational acceleration x height 𝐸𝐸𝑝𝑝 = 𝑚𝑚𝑚𝑚ℎ 

Kinetic energy = 1
2
 mass x velocity2       𝐸𝐸𝑘𝑘 = 1

2
𝑚𝑚𝑣𝑣2 

Average power = work done  
 time

        𝑃𝑃 = 𝑊𝑊
𝑡𝑡

 

Instantaneous power = force x velocity      𝑃𝑃 = 𝐹𝐹𝐹𝐹 

Efficiency           𝜂𝜂 = 𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
𝐸𝐸𝑖𝑖𝑖𝑖

× 100% 

Static friction           𝐹𝐹 ≤ 𝜇𝜇𝜇𝜇 

Momentum = mass x velocity       𝑝𝑝 = 𝑚𝑚𝑚𝑚   
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SUVAT equations: 

(s – distance, u – initial velocity, v – final velocity, a – acceleration and t – time.) 

● 𝑣𝑣 = 𝑢𝑢 + 𝑎𝑎𝑎𝑎 

● 𝑣𝑣2 = 𝑢𝑢2 + 2𝑎𝑎𝑎𝑎 

● 𝑠𝑠 = 𝑢𝑢𝑢𝑢 + 1
2
𝑎𝑎𝑡𝑡2 

● 𝑠𝑠 = 1
2

(𝑢𝑢 + 𝑣𝑣)𝑡𝑡 

 

Conservation of momentum: 

• Collisions between two bodies     𝑚𝑚1𝑢𝑢1 +  𝑚𝑚2𝑢𝑢2 = 𝑚𝑚1𝑣𝑣1 + 𝑚𝑚2𝑣𝑣2 

• Perfectly inelastic collisions between two bodies  𝑚𝑚1𝑢𝑢 = (𝑚𝑚1 + 𝑚𝑚2)𝑣𝑣 
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3. Electrical/electronic equations  
 
Electrical principles 

Charge = current × time        𝑄𝑄 = 𝐼𝐼𝐼𝐼 

Electrical energy = charge × voltage (potential difference)    𝐸𝐸 = 𝑄𝑄𝑄𝑄  

Electrical energy = power × time      𝐸𝐸 = 𝑃𝑃𝑃𝑃 

Resistivity = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

     ρ = 𝑅𝑅𝑅𝑅
𝑙𝑙

 

Ohm’s Law for DC circuits, resistance = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

    𝑅𝑅 = 𝑉𝑉
𝐼𝐼
 

Ohm’s law for purely resistive AC circuits, impedance = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

  𝑧𝑧 = 𝑉𝑉
𝐼𝐼
 

Total resistance of series resistors       𝑅𝑅𝑇𝑇 = 𝑅𝑅1 + 𝑅𝑅2 + 𝑅𝑅3 … 

Total resistance of parallel resistors       1
𝑅𝑅𝑇𝑇

= 1
𝑅𝑅1

+  1
𝑅𝑅2

+  1
𝑅𝑅3

… 

Electrical power  = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐     𝑃𝑃 = 𝑉𝑉𝑉𝑉 

= 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 × 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟    𝑃𝑃 = 𝐼𝐼2𝑅𝑅 

   = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
2

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
      𝑃𝑃 = 𝑉𝑉2

𝑅𝑅
 

Kirchhoff’s current law (KCL) – for a junction    ∑ 𝐼𝐼𝐼𝐼𝐼𝐼 =  ∑ 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜  

Kirchhoff’s voltage law (KVL) – for a loop   ∑𝑉𝑉 =  0 

Permittivity =  permittivity of free space × relative permittivity   Ɛ =  Ɛ0  ×  Ɛ𝑟𝑟   

Capacitance = permittivity × 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

     𝐶𝐶 = Ɛ 𝐴𝐴
𝑑𝑑
 

Capacitance =  𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

      𝐶𝐶 = 𝑄𝑄
𝑉𝑉
 

Energy stored in a capacitor =  1
2

× capacitance × Voltage2   𝐸𝐸 = 1
2
𝐶𝐶𝑉𝑉2 

Time constant of a capacitor = resistance × capacitance   𝜏𝜏 = 𝑅𝑅𝑅𝑅 

Inductance of a coil = Magnetic Flux × Number of Turns 
current

     𝐿𝐿 =  ΦN
𝐼𝐼

 

Energy stored in an inductor = 1
2

× inductance × current2   𝐸𝐸 = 1
2
𝐿𝐿𝐼𝐼2 

Force on conductor = flux density × current × length × sine angle   𝐹𝐹 = 𝐵𝐵𝐵𝐵𝐵𝐵 sin𝜃𝜃 

AC voltage waveform = max. Voltage × sine(angular velocity × time)  𝑣𝑣 = 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 sin(ωt) 

Angular velocity of a waveform = 2 × 𝜋𝜋 × frequency   ω = 2𝜋𝜋𝑓𝑓 

Frequency = 1
Time Period

       𝑓𝑓 =  1
𝑇𝑇
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Root-Mean-Square (RMS) Voltage = Peak Voltage
√2

   𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑉𝑉𝑃𝑃𝑃𝑃
√2

 

Energy efficiency        Ƞ = energy output 
energy input

 x 100% 

 

Analogue Circuits  

Voltage amplifier gain/loss = Voltageout
Voltagein

    𝐴𝐴𝑣𝑣 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

 

Current amplifier gain/loss = Currentout
Currentin

    𝐴𝐴𝐼𝐼 = 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜
𝐼𝐼𝑖𝑖𝑖𝑖

 

Power amplifier gain/loss = Voltage gain/loss × Current gain/loss 𝐴𝐴𝑃𝑃 =  𝐴𝐴𝑣𝑣 × 𝐴𝐴𝐼𝐼 

Voltage gain/loss in Decibels      𝑎𝑎𝑣𝑣(𝑑𝑑𝑑𝑑) = 20 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝑣𝑣 

Current gain/loss in Decibels      𝑎𝑎𝐼𝐼(𝑑𝑑𝑑𝑑) = 20 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐼𝐼 

Power gain/loss in Decibels      𝑎𝑎𝑃𝑃(𝑑𝑑𝑑𝑑) = 10 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝑃𝑃 

Gain of an op-amp:  Non-inverting      Gain (𝐴𝐴𝑣𝑣) = 1 + 𝑅𝑅1
𝑅𝑅2

 

Inverting      Gain (𝐴𝐴𝑣𝑣) = −𝑅𝑅1
𝑅𝑅2
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4. Mathematical, Mechanical and Electrical/Electronic 
constants 

 

• Acceleration due to gravity    g = 9.81 ms-2 

• Permittivity of free space     Ɛ0 =  8.85x10−12 Fm–1 

• Relative permittivity Ɛ𝑟𝑟: 

o Relative permittivity of a vacuum   Ɛ𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 1 

o Relative permittivity of air   Ɛ𝑎𝑎𝑎𝑎𝑎𝑎 =  1.0006  

o Relative permittivity of a ceramic   ƐCeramic =  2 
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