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What is Classical Mechanics?
• .. rational mechanics will be the science of 

motion resulting from any forces whatsoever, 
and of the forces required to produce any 
motion ... and therefore I offer this work as 
the mathematical principles of philosophy, for 
the whole burden of philosophy seems to 
consist in this — from the phenomena of 
motions to investigate the forces of nature, 
and then from these forces to demonstrate 
the other phenomena ...

– Newton’s Philosophiae Naturalis Principia 
Mathematica (1687)



Classical 
Mechanics 

valid on 
scales 

which are:

• Not too fast!
– [High energy particle tracks from CERN]

• V << c [speed of light in vacuo]



Classical 
Mechanics 

valid on 
scales 

which are:
• Not too small!

– [Images of atom 
planes in a 
lattice by 
Scanning 
Tunneling 
Electron 
Microscope]

~10-9 m



Reading List

• Classical Mechanics M W McCall (Wiley 2001

• Classical Mechanics R D Gregory (CUP)

• Introduction to Classical Mechanics A P French & M 
G Ebison (Chapman & Hall) 

• Mechanics Berkeley Physics Course Vol I C Kittel et 
al. (McGraw Hill)

• Fundamentals of Physics Halliday, Resnick & Walker  
(Wiley)  



Classical Mechanics Lectures

• Two groups of lectures
– 8 in MT - mostly 1D motion without vectors
– 10+2 in HT - 3D full vector treatment of Newtonian 

mechanics, rotational & celestial dynamics 
+ brief introduction to Hamiltonian and Lagrangian

mechanics

• Info on the course is on the web 
– Includes a synopsis
– suggested book list
– Lecture notes
– Problem sets



Vectors

• A vector is a quantity characterised by magnitude and 
direction: Force, momentum, velocity. A scalar is 
characterised by magnitude only: energy, temperture.

• Notation:
– Vector: a (bold), a
– Magnitude of a: a, 

• Two vectors are equal if the have the same 
magnitude and direction (parallel).
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Algebra of Vectors

• a+b=b+a (commutative)

• a+(b+c)=(a+b)+c associative

• If � is a scalar: � a is in the direction of a 
with magnitude � |a| and direction of a
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Subtraction of vectors
a
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a b

a - b = a + (-b)

a - b
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Resolving Vectors in rectangular 
coordinates

• A unit vector â in the direction of a:

• i and j are unit vectors along the x and y directions 
respectively.
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Differentiation of vectors
Notation: a dot above the function indicates derivative wrt
time. A “dash” indicates derivative wrt spatial coordinate.
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Assume now that the vector a starts to rotate (q
changes with time magnitude fixed)

Notice that da/dt is perpendicular to a. Find the second 
derivative of a assuming q changes linearly with time. 
What is the direction of this vector?



Vectors in 1-D

• Vectors in 1-D are either parallel or anti-parallel.
• It is therefore convenient to drop the vector notation and 

associate +ive sign to vector quantities in the +x
direction and –ive sign to vector quentities in the –x
direction. For example the equation:

X = vt
May be written as:              x=vt
By allowing v and x to be positive or negative scalars.
If more than one vector are combined then one needs to be 

careful with the signs. If in doubt use vectors then equate 
the components. (example later in the term.)

x
v



Newton Laws

• NI: Every body continues in a state of rest or in uniform 
motion (constant velocity in straight line) unless acted 
upon by a net force. 

• NII: The rate of change of momentum is equal to the 
applied force; where the momentum is defined as the 
product of mass and velocity (p =mv).

• NIII: Action and reaction forces are equal in magnitude 
and opposite in direction.



Newton First Law

• Our experience (on earth) encourages us to 
agree with NI.

• A reference frame in which NI is satisfied is 
called an inertial reference frame.

• The law of inertia therefore may be viewed as 
the definition of the inertial reference frame. 
But it also tells us that inertial reference 
frames do exist.

Every body continues in a state of rest or in 
uniform motion (constant velocity in straight 
line) unless acted upon by a net force. 



Newton Second Law-1
NII: The rate of change of momentum is equal to the applied 

force; where the momentum is defined as the product of mass 
and velocity (p =mv).

Mathematically:
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d

Assuming constant mass we obtain:
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Does NII always hold?

• Does  the simple form F=ma hold in an
accelerated train relative to earth? The answer 
is no. Only holds in Inertial reference Frames.

• Is NII a law of nature or just a definition of force?

• Mach has formulated the laws of motion in a 
statement without mentioning mass or force:

“When two small bodies act on each other, they 
accelerate in opposite directions and the ratio of 
their accelerations is always the same."



Non-Inertial frames

• Two observers, one on the ground and one in a train are 
observing the motion of a mass attached to a spring tied 
to a wall in a train that is moving at constant speed. 

• Both observers (communicate by radio) will agree that NI 
is satisfied.

• Assume now that the train accelerates while the 
observers having a nap. What will they report to each 
other later?

V = V0

V = V0+at
F=0

F= kx



Newton Third Law
Action and reaction forces are equal in magnitude and 
opposite in direction.

+Q2

-Q1

F21

F12

Compressed spring
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The Principle of Equivalence
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Amazingly: m=m*

Inertial mass=gravitational mass



A simple demo of EP

• Einstein’s EP toy, 
(allegedly) presented 
on his 76th birthday

• Two balls attached to 
the base of a container 
by elastic bands

• Balls stretched over the 
side when container is 
at rest

• What happens when 
container is in free-fall?Cup at rest Cup in free-fall



Acceleration Under Gravity
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Near the surface of the earth: r~R the radius 
of the earth hence a=g, is constant for all 
inertial masses: Galileo Experiment.



Galileo’s test of 
EP

• Two different masses 
dropped from the top 
of the Leaning Tower 
of Pisa

• Both masses landed 
at ~ the same 
time…..?



Inertial reference frames
• A frame in which Newton first law is satisfied:

– Fixed stars
– Deep space
– Is earth a reference frame?

• All inertial reference frames are equivalent:

S
S’
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X0 = vt

' 0 0 (S and S  coincided)at t X= =

m



Example on Newton laws

M

m Fi

mg

Fex
x

y

How fast should we accelerate the IP to keep the block m 
stationary on the IP?

What is the internal force that the blocks apply 
on each other?

Which of Newton laws was used to solve the problem?



Solving the EOM for F=F0=constant
What kind of motion do we expect?
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Initial conditions (at t = 0)
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