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Some information to the lecture... 
• Who am I ? 

Prof Shawn Bishop 

Office 2013 Physics Building,  

Tel (089) 289 12437 

shawn.bishop@ph.tum.de 

 

Office Hours for Course  When my office door is open. 

 

• Web content to the course 
All the slides I use and examples we make in class will be made available on 

the web, every Wednesday before class 

 
– Navigate to  www.nucastro.ph.tum.de  

– Click “Lehre”  “Experimental physics in English I” 

 

• Timetable and course outline 
– Subject to changes based on my travel (announcements will be made) 
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Santa Tecla Nuc. Astro. School, 2011 
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Lecture – 1 
Newton´s apple and all that… 

 

Experimentalphysik I in Englischer Sprache 

23-10-08 
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Lecture 1 - Contents 

M1.1 Fundamentals  

– Historical motivation... 

– Purpose of classical mechanics 

– Coordinates and vectors... 
 

M1.2 Motion in Space 

– Velocity and acceleration 

– Motion in two or three dimensions 

– Projectiles and circular motion 

 

M1.3 Newton's laws of motion 

– The origins of the three little “laws” 

– Examples of applying Newton’s laws 

http://upload.wikimedia.org/wikipedia/commons/0/04/Hamilton.jpg
http://en.wikipedia.org/wiki/Image:Galileo.arp.300pix.jpg


1.1 Historical Background 

• Aristotle (384 BC – 322 BC) - physics and metaphysics 
– Made distinction between natural motion and enforced 

motion. 

 

– “every body has a heaviness and so tends to fall to its 
natural place” 

 

– “A body in a vacuum will either stay at rest or move 
indefinitely if put in motion (law of inertia)” 

 

 

• Archimedes (287 BC – c. 212 BC) 
– laid the foundations of hydrostatics 

 

– Explained the principle of the lever 

 

– Invented many machines (Archimedes screw ...) 
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http://en.wikipedia.org/wiki/Image:Sanzio_01_Plato_Aristotle.jpg
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• Nicholas Copernicus (1473 – 1543) 
• Regarded as the father of modern astronomy 

• Heliocentricity  

 

• Johannes Kepler (1571–1630) 
• Formulated three laws, now named after him 

that described the orbital motion of planets... 

• Inspired Newton´s theories of gravitation 

 

• Galileo Galilei (1564-1642) 
– Made some great advances in “mechanics” 

 

“A body dropped vertically hits the ground at the 
same time as a body projected horizontally” 

“Uniform motion is indistinguishable from rest“ 

(forms the basics of special relativity) 

http://upload.wikimedia.org/wikipedia/commons/e/e4/Leaning_tower_of_pisa_2.jpg
http://en.wikipedia.org/wiki/Image:Johannes_Kepler_1610.jpg
http://en.wikipedia.org/wiki/Image:Nikolaus_Kopernikus.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e9/De_revolutionibus_orbium_coelestium.jpg
http://upload.wikimedia.org/wikipedia/commons/9/98/Kepler_laws_diagram.svg
http://upload.wikimedia.org/wikipedia/commons/8/88/Galileo_facing_the_Roman_Inquisition.jpg
http://upload.wikimedia.org/wikipedia/commons/4/48/Galilee.jpg


Hail the king ! 

• Sir Isaac Newton FRS (1642-1727) 
– Made giant advances in mechanics, optics, mathematics  
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Invented reflecting  
telescope  

Developed a 
theory of colour 

Conservation of linear 
and angular momentum 

Formulated first 
“laws” of motion 

Formulated theory 
of gravitation 

Shares  credit with Leibniz for the 
development of the calculus 

Photons ! 

http://upload.wikimedia.org/wikipedia/commons/a/a0/Opticks.jpg


Fundamentals 
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What does “classical mechanics” aim to do? 

Provide a physical basis to describe the behaviour of bodies (point 
masses or extended systems) subject to external forces... 

 
– Kinematics of point masses  

(motion as a function of time) 

– Dynamics of the point masses  

(why is the motion like it is ? – influences of forces etc...) 

 

– Extended rigid bodies  

(Finite size effects?, Inertia etc.) 

 

– Extended non-rigid bodies : Elastic bodies (reversible deformation) 

  Hydrostatic, Aerostatic... 

  Hydrodynamic, Aerodynamic... 

 

– Non-linear dynamics (Chaotic dynamics) 
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http://upload.wikimedia.org/wikipedia/commons/5/54/Flight_dynamics_with_text.png


1.2 coordinates and position 

• The position of a “body” in any space is defined by specifying 
its co-ordinates... 
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1.2.1 Trajectory, position and the nature of space 

15 

Positions are specified by vector quantities 

Position co-ordinates are generally a function of time 
since the particle moves along the trajectory subject to forces 

 

 )(),(),()( tztytxtr 

(i) Linear Motion (e.g. Free fall) 

x 
y 

z 

(ii) Motion in a Plane (e.g. Throw of a Ball) 

x 
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O 0)´()´(  tytx t

Can always define a co-ordinate 
system such that : 
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• Translation and Rotation of the coordinate system is allowed, when the 
trajectory is defined only by some universal physical laws 

 

• Requires that these “Laws of Motion” are independent of 

– Position  

• space is homogeneous 

– Direction  

• space is isotropic 

– Time  

• time invariance 

 

• These properties must be experimentally verified and will lead later in the 
lectures to very important conservation laws (energy and momentum) 

 

The chosen co-ordinate system can then be “chosen” to match the symmetry 
of the trajectory 

16 



1.2.2 Converting between co-ordinate systems 
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 zyxr ,,  zr ,,  ,,rr 

Cartesian  Spherical 

Cartesian  Cylindrical 



1.2.3 Velocity and Acceleration 
• The time dependence of the position vector leads to other kinematic quantities  

 velocity and acceleration 
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2) The instantaneous velocity is the time derivative of the position  

Consider an infinitesimal displacement of the position vector 
dr over an infinitesimal time dt 

Velocity is always parallel to the trajectory 

dr = displacement 

 )(),(),()( tztytxtv   )(),(),( tvtvtv zyx

1) The average velocity is defined by 

 12

12
21
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Dependent on the time interval (t2-t1) and trajectory 

A 

B 



19 

The instantaneous acceleration is the time derivative of the velocity 

vx 

vz 

)(tv

)( ttv 
)(tvd

)(ta

The instantaneous acceleration (Beschleunigung) is a 
vector orientated parallel to dv(t) 
 
It´s magnitude is:  

 )(),(),()( tvtvtvta zyx
  )(),(),( tztytx 

DIRECTION ? 
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x 

Important special cases 

(i) Uniform linear motion (like y in above example) 
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1.2.4 Integrating Trajectories 
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Example 2) Constant acc (A) along ex. 
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Example (iii) Constant circular motion (HARMONIC MOTION) 

Magnitude of velocity stays constant, but direction constantly changing (acceleration always non zero) 

y0 

y 

x 
x0 

v(t) 

r 
 

 circular co-ordinates match the symmetry of the problem 
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1.3 NEWTON´S 
 

LAW’S OF MOTION 
 
 

1686 



1.3.1 Let’s do some “inductive reasoning” 

• Q) When is the position of an object described by  ? 
A) When it is left by itself! 

 

• Q) When does an object move according to    ? 
A) When it is left by itself!  

 
 Newton “genius” was that he postulated that “all objects behave this way” 
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)0,0,()( 0xtr 

)0,0,()( tvtr x

SMART  GUY! 
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NEWTONS FIRST LAW 
 

“An object at rest tends to 
stay at rest and an object in 

motion tends to stay in 
motion” 

Law of inertia or momentum 
 

Pinitial=Pfinal 

Also written down by Galileo 
35 years earlier!   

http://en.wikipedia.org/wiki/Image:Galileo.arp.300pix.jpg


1.3.2 Let’s do some more “inductive reasoning” 

• When is the position of an object described by   ? 

 

• When does an object move according to    ?  

 

• Q) When does an object move according to    ? 
A) When some other body is “acting on” that object  

 

26 

)0,0,()( 0xtr 

)0,0,()( tvtr x
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To change the velocity of something, we 
have to “push” (our arms get’s tired!) 

 
Larger changes in velocity for the same 

object require larger pushes 
 

Define the “amount of pushing” as FORCE 
F~Dv/Dt 

 
“amount of pushing needed to change v 

depends on body’s to mass 
F~m 

http://upload.wikimedia.org/wikipedia/commons/4/48/A_single_white_feather_closeup.jpg


27 

1.3.2  
NEWTONS   SECOND   LAW 

 
“The force required to change 

the velocity of an object is 
proportional to the mass of 
the object times the induced 

acceleration” 

am
dt

vd
mF 




































z

y

x

m

F

F

F

F

z

y

x







3 laws in one ! 

2nd order differential equation  
 Will require 2 initial conditions, 

i.e. x(0) and vx(0) to solve 



1.3.3 Yet more “inductive reasoning” 

• When is the position of an object described by   ? 

 

• When does an object move according to    ?  

 

• Q) When does an object move according to    ? 
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1.3.3  
 

NEWTON´S   THIRD   LAW 
 

“For every action, there is an 
equal and opposite reaction” 

OR “If you kick a football, it kicks 
back” 

 
OR “If you kick a wall, it hurts!” 
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THE     LAW’S 
 

1) An object at rest or 
uniform motion remains 

unchanged 
 

2) Force = Mass x 
Acceleration 

 
3) “For every action, there is 

an equal and opposite 
reaction” 

Some notes... 
1) Law 1 is just a special case of 2 

when |F|=0 
 

2) There is a defined linear 
relationship between F and a 
(cause and effect), the mass m 
is defined as the constant of 
proportionality – mi the 
inertial mass (träger Masse) 
 

3) From law 2, the unit of force 
is defined as [F]=kgm/s2=N – 
the Newton 
 

4) For m=const, we have: 
 
 
 
 

5) If F=0, we have dp/dt=0 and 
linear momentum is a 
conserved quantity 

dt

pd
vm

dt

d
amF  )(



Examples of applying Newton´s laws 
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Examples and applications of Newton´s Laws 
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x 

z 
d 

Time 1 2 3 4 5 

z(t) 1 4 9 16 25 z(t)t2 

Example 1) Free fall on earth 
Galileo showed experimentally that all bodies fall to earth in the same time 

 Ratio’s of the displacement from start over the same time interval = 1,3,5,7,9... 

 

 

 

 Linear motion subject to constant acceleration (vz(0)=0, z(0)=0)  z(t)=½at2 

 

 Acceleration due to gravity g=9.80665 m/s2   (varies on earth ±0.01m/s2 , larger near poles) 
 

 One defines the gravitational force FG=msg, where ms is the gravitational mass (weight), which can 
be very different to the inertial mass used in Newton´s 2nd law 

 

msg 

-msg 



All physicists love masses on springs  
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m 
x 

x=0 

x0 

FG 

FS 

Springs are devices that are capable of storing mechanical energy 

To a fairly good approximation, 
springs obey Hooke´s law 

“As the extension, so the force. ” 

R. Hooke  
(1635-1703) 

skF s D

Spring constant 

http://en.wikipedia.org/wiki/Image:Simple_harmonic_oscillator.gif
http://upload.wikimedia.org/wikipedia/commons/e/e4/HOOKE_Robert.jpg


35 

FG 

FN 

FG 

FN 
x0 

FS 

y 

This alternative “mode” of motion can be easily studied by looking at a mass attached to a 
spring on a frictionless surface (e.g. air hockey table) 

x 

http://en.wikipedia.org/wiki/Image:Simple_harmonic_oscillator.gif

