
 

 
 
 

Mathematical tools 
1. Equations in Physics 

✅ What is an equation? 

An equation states that two expressions are equal. In physics, equations describe how 

quantities relate to each other. 

 

🔸 Types of Equations in Physics 

Type Example Meaning 

Kinematic equations v=u + at Final velocity in linear motion 

Dynamic equations F=ma Newton’s Second Law 

Energy equations E=1/2mv2          Kinetic energy 

Wave equations v=fλv  Speed of a wave 

Electric equations V=IR Ohm’s Law 

 

🔸 How to Use Equations in Physics 

1. Substitute known values (e.g. a=9.8 m/s2) 

2. Solve for unknown using algebra 

3. Check units to ensure correctness 

4. Analyse the result physically 

 

🔹 2. Inequalities in Physics 

✅ What is an inequality? 

An inequality shows that one quantity is greater than, less than, or not equal to 

another. 
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🔸 Examples in Physics 

Inequality Meaning 

v<c 
Nothing can move faster than light (special 

relativity) 

  Condition for static friction preventing slipping 

KE≤EKE  Kinetic energy ≤ total energy in bound systems 

P>0 
Pressure is always positive in thermodynamic 

systems 

E>WE  
Energy input must exceed useful work in real 

machines (due to losses) 

 

🔸 How to Use Inequalities 

• Set boundaries or conditions (e.g., for equilibrium or stability) 

• Predict feasibility (e.g., whether motion will occur) 

• Estimate maximum or minimum values (e.g., max height, max speed) 

 

📘 Mathematical Tool: Quadratic Equations in Physics 

A quadratic equation is an equation of the form: 

ax2+bx+c=0  

where: 

• a, b, c are constants 

• x is the variable  

• a≠0 

•   1. General Solution (Quadratic Formula) 
• To solve                 ax2+bx+c=0 

 

The term under the square root, b2−4ac is called the discriminant: 

• If positive, two real roots 

• If zero, one real root 



 

 
 
 

• If negative, no real roots (complex roots) 

• 2. Quadratic Equations in Physics 
•    Common Physics Contexts 

 

4. Quick Tips 

• Always check units. 

• Use the discriminant to know the nature of the solution. 

• In physics, ignore negative time or non-physical roots. 

     Mathematical Tool: Proportionality and Scaling in Physics 

• Proportionality and scaling are powerful tools in physics to understand how one 

quantity changes when another changes.  

1. Types of Proportionality 

   Direct Proportionality 

• A∝B 

• ⇒A=kB           \  

• As B increases, A increases. 

• Graph: Straight line through the origin. 

• Examples: 

• F ∝ a           (Newton's second law) 

• V ∝ T      (at constant pressure, ideal gas law) 

   Inverse Proportionality 

 

As B increases, A  decreases. 



 

 
 
 

 

   Quadratic or Power Proportionality 

A ∝ Bn 

 

2. Scaling in Physics 

What is Scaling? 

Scaling shows how one physical quantity changes when dimensions or input values change. 

 

📘 Mathematical Tool: Logarithmic and Exponential Relationships in Physics 

Exponential and logarithmic functions are used in physics to describe rapid changes—like 

growth, decay, and scaling over time or space. 

🔹 1. Exponential Relationships 

✅ General Form: 

y=Aekx 

Where: 



 

 
 
 

• A: initial value 

• e: Euler’s number (≈2.718) 

• k constant (positive → growth, negative → decay) 

• x  variable (time, distance, etc.) 

 

 

2. Logarithmic Relationships 

   General Form: 

x=log b(y)  

Where: 

• log b: logarithm base b 

• ln(y) : natural logarithm (base e) 

 

 

 



 

 
 
 

 

  3. Key Properties 

  Exponential Rules 

 

 

2. Trigonometry 

     1. Sine, Cosine, Tangent — Basic Trigonometric Ratios   
These relate the angles of a right triangle to the ratios of its sides: 

 



 

 
 
 

 
     2. Trigonometric Identities 

These simplify and solve equations involving angles. 

 

   Common Uses in Physics: 

• Simplifying wave equations (e.g., A cos (ωt), A cos (ωt) and  

• Phase differences in interference 

• Solving motion on inclined surfaces or pendulum motion 

     3. Vector Components and Angles 

•    Resolving a Vector into Components: 
• For a vector A⃗ at angle θ to the horizontal 

 



 

 
 
 

 

   Used in: 

• Projectile motion 

• Forces and torque 

• Electric fields 

• Work done by angled forces W=F d cos θ 

     4. Circular Motion and Waves 

•    Circular Motion 

 

 

 



 

 
 
 

 

 

 

 

 

 

 

 

 



 

 
 
 

 

 

 

 

 

❖ Vectors in Physics 
Vectors are quantities that have both magnitude and direction. They're essential in 

physics to represent quantities like force, velocity, acceleration, and displacement 

     1. Vector Addition and Subtraction 

   Geometrical (Graphical) Method: 

• Head-to-tail method for addition 

   

 



 

 
 
 

 

                       

 



 

 
 
 

 

 



 

 
 
 

 

 

 

 

 

  

 



 

 
 
 

Calculus in Physics 

 

 

 

 

 

 

 



 

 
 
 

 

 

 

  


