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Dynamics of Straight Line Motion4
What is a Force?

• A force is a push or a pull; it’s a specific action.  
• It acts on an object and requires an agent.
• Fundamental forces like gravity are long-range forces, but most 

forces you encounter everyday require contact.
• A force is represented by a vector – it has a magnitude measured 

in Newtons (1 N = 1 kg m/s2) and a direction.
• Forces can be combined to create a net force:

You must add the forces together as vectors.

Forces

Gravity    𝑭𝐆 (Long-range force)
For objects near the surface of the Earth, we can model the force of 
gravity on an object of mass m as

where g = 9.80 m/s2 is the free-fall acceleration.

Tension    𝑻 (Contact force)
A rope or string exerts a constant force called tension.  The 
magnitude of the force depends on the situation, and the direction 
of the tension is always along the rope or string.

Spring Force    𝑭𝐬𝐩 (Contact force)

Springs exert a force when they are stretched or compressed.  The 
force can be modeled by Hooke’s law,

where k is the spring constant.

Normal Force    𝒏 (Contact force)
The normal force is a constant force exerted by a surface on an 
object that is pressing against that surface.  The force is always 
perpendicular to the surface and its magnitude changes depending 
on the situation.

Static Friction    𝒇𝐬 (Contact force)
The static friction force keeps an object from slipping on a surface.  
Its direction is parallel to the surface and prevents motion.  The 
magnitude changes depending on the situation but has a maximum 
value that can be modeled by

where μs is the coefficient of static friction.

Kinetic Friction    𝒇𝐤 (Contact force)
Kinetic friction acts when an object slides on a surface.  Its 
direction is parallel to the surface and opposite the motion.  The 
force can be modeled as

where μk is the coefficient of kinetic friction.

Drag    𝑭𝐝𝐫𝐚𝐠 (Contact force)

An object moving through a fluid feels a resistance called drag.  The 
drag force can be modeled as

where ρ is the density of the fluid, A is the cross-sectional area of 
the object, and C is the drag coefficient.

Thrust    𝑭𝐭𝐡𝐫𝐮𝐬𝐭 (Contact force)
Thrust occurs when a jet or rocket engine expels gas molecules at 
high speed.  Its direction is opposite the exhaust, and the magnitude 
depends on the situation.

Newton’s First Law

An object that is at rest will remain at rest, or an object that is 
moving at constant velocity will continue to move at constant 
velocity, if and only if the net force on the object is zero.

An object on which the net force is zero is said to be in mechanical 
equilibrium.

Newton’s Second Law

An object of mass m will undergo an acceleration Ԧ𝑎 given by

where 𝑭𝒏𝒆𝒕 = 𝑭𝟏 + 𝑭𝟐 + ⋯ is the sum of all forces acting 
on the object.

Free Body Diagrams

A free body diagram is a useful took for using Newton’s second law.  
It shows all forces acting on the object, and should have: clear 
labels, coordinate axes, and a dot representing the object.

Model: Constant Force

If the net force on an object is constant, then the object’s 
acceleration is also constant, and we can use the kinematic 
equations to model the motion of the object.
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