
Physics 1 Useful Formulae
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Motion in 1-D with constant acceleration:
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Projectile Motion: 
Same as 1-D motion with constant acceleration, with 0xa and ga y 

Motion in multiple dimensions:
An object is speeding up if 0 va



An object is slowing down if 0 va


An object is neither speeding up nor slowing down if 0 va


An object moving in a circle of radius r at constant speed v has an acceleration 
r
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directed toward the center of the circle.

The acceleration of an object traveling in a curved path can be split into two components:

The radial acceleration: 
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The tangential acceleration: 
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These components are always orthogonal, and can be used to compute the magnitude of 

acceleration: 22
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Relative Motion:
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Force

Newton’s 1st Law of Motion:

If the net force on an object is zero, its acceleration is zero.

Newton’s 2nd Law of Motion:

  amF


This vector equation can be split into two equations, one for the x-direction and one for 
the y-direction:

  xx maF          yy maF

Corollary to Newton’s 2nd Law: The Net force on an object always points in the same 
direction as the acceleration.

Newton’s 3rd Law of Motion:

The force of object A acting on object B is equal and opposite the force of object B acting 
on object A.

Conventions for free body diagrams:
It is usually convenient to define the x-direction as the direction of acceleration. This 
automatically makes the y-component of acceleration zero.

Friction forces:

Static Friction: 
nf ss  , where s is the coefficient of static friction, and n is the normal force between 

the two objects in contact.

Kinetic Friction:
nf kk  , where k is the coefficient of kinetic friction.

Note: The coefficients of friction depend on the types of materials in contact with one 
another, and must be either given in a problem or measured.



Work

The work done on an object by a force F


to displace the object s


 is sFW


 .

Alternate formula: 
)cos(sFW  , where  is the angle between the force and displacement vectors.

Yet another interpretation:
The force can be split into two components: a component perpendicular to the 
displacement F and a component parallel to the displacement ||F . The parallel 

component of the force is the one doing the work, so sFW  || .

One more interpretation:
The previous formulae assumed that the force was a constant, and the path the object 
takes is a straight line. If the force varies as a function of position, then we must do an 
integral:

1-D version: 
b
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If the path the object takes is curved as well, then the work can be computed by a path 

integral:  
path

sdFW


Conservative Forces:

A force is conservative (or path independent) if the work done by this force in moving an 
object from point A to point B does not depend on the path the object takes from point A 
to point B. The work done by a conservative force depends only on the magnitude of the 
force, and the initial and final positions of the object.

Notable conservative forces:

Gravity: ymgWgrav  , where y is the change in the y-coordinate of the object.

Springs: 22
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fispring kxkxW  , where ix and fx are the initial and final lengths of the 

spring (relative to its natural length) and k is the force constant of the spring.

Kinetic Energy:

The kinetic energy of a mass m moving at a speed v is 2
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Work Energy Theorem:

The total work done on an object is equal to the change in the object’s kinetic energy:

KWtotal 

Power:

Power is the rate work is done per unit time: 
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If a force F


is acting on an object with velocity v


, then the power is vFP




Average power is the total work done over a time interval t divided by the length of 

that interval: 
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Potential Energy:

The change in potential energy is defined as minus the work done by a conservative 
force:  WU 

The potential energy associated with gravity is: mgyU g  , where y is the vertical 

position of an object of mass m in a gravitational field.

The potential energy associated with springs (AKA elastic energy) is: 2
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Conservation of Energy:

If only conservative forces are acting on an object, then the work energy theorem can be 
rewritten like so:  2211 KUKU 

Here, 1U is the total potential energy at point 1, and 1K is the total kinetic energy at point 
1.

Energy when non-conservative forces are present:

We need an extra term for the energy added between points 1 and 2:

2211 KUWKU other 


