

















































Physics O

1 Introduction and historyof Physics
Ancient Greece n 400 300 Be

Philosophy love ofwisdom

physis knowledge of nature

Aristotle
v

Physics On the Heavens Meteorology

Metaphysics principles of
physical science

Main question Why are things as we

find them and why they
could not be otherwise

Aristotle established logical rules

by which causes could be determined

from the effects we perceive in nature



L J

Physics distinct cosmology
heavenly mattersearthly matters

change motion
no change except

for motion in perfec
circles

Scientific revolution n 1605 1644 AD

main person Galileo Galilei
main new ingredient use of experiment

to deduce laws

of physics

shift from cause laws of motion

Basic principles
1 there basis laws which determine
motions of matter

2 these laws are universal and
independent of time and place

3 the laws have to be consistent
with experiment



4 the laws are formulated using
mathematics
Galileo The book of nature is

written in the language
of mathematics

5 laws are not absolute a perfect

but have an approximate character

and are subject to change as our

understanding of nature improves

contradicts Aristotle's physics

Exampf 1

Aristotle If a weight falls from
a certain height in so

much time a weight which

is twice as great will fall
from the same height in

half the time

Galileo disproves this as follows



Imagine two bricks with exactly same

are falling down from the same height h

h 191111 1414
It Atb

At Y't follows fromprinciple 2

Now imagine we move the brick closer

to each other until they touch
we
may glue them together

h 14111111,141M

Y at
At At At

follows from
principle 2

Thus it follows that a brick with
twice the weight will fall in the same time



Galileo then proceeds to confirm
this with an actual experiment

1.1 Motion

In physics in order to formulate laws

one makes simplifications a abstractions

We are going to study an object
that is a mathematical point
focus first on objects that only move

along the x axis

pick an origin x o

to describe position we need units

choose meter
as unit of time choose second

Next describe motion by a graph
am

Miff

stesI



Definition 1

i The average velocity of an object
is given by

I x ta x ti
ta t

where t t are two times between
which we take the average
ii the velocity at a given time or

instantaneous velocity ult is defined as

u t EE 4 dat differentiation

iii The
average acceleration a is

defined as

a octal oct

and instantaneous acceleration is

given by
alt dat dat



1.2 Motion at constant acceleration

set alt a const
We will see that this is relevant

for motion of falling bodies where

a 9 ms
t

g
Proplem guess

a function x t

with If a

integration
Most general solution

x t fat't bite where b c const

For vertical motion we use symbol y

yet fat't bt t c

for example get Ig the btec

for falling bodies

fix initial height and velocity
Yeo yo
Uco Yo Ot Otc

c is initial coordinate



Moreover ult dye gt t b
b initial velocity

yet Igt't v t y
Now consider a general motion with
constant acceleration

x H X fat't at x

ult at t o

t Ufo
inserting into x gives
x t X ta ult t v ut

O t of
29

E Y La x X

Derivation using calculus

dat a off a dg adv adx
02

Now integrate Judo af dxQ

giving to I y a x x I



2 Motion in higher dimensions

2.1 Vectors in d 2

Consider a particle traveling in

the x g plane Cartesian coordinates
if

i

4

x

Notice time axis not shown
label points of graph by
time coordinate

We will use vectors
Y

I A f Ayl IgB
TT

I basis vectors
x

B A f Ay 9 Bx 1 By 9 LAMB
AytBy



Rescaling
One can also multiply a vector by her
it N EI
I i i faxa Ay

x x

2.2 Derivatives of position vector

Consider a particle in the x y plane
that moves from position t at time t
to te Ir at time tt At

if

X

F 4th it at at tax
ai Igyet Ay

T Ging II dat qty
velocity is
a vector



Exampled Application to circular motion

Let us consider motion along a circle
with radius R on the x y plane

Flt RGosuteitsinute 5 11,5 9

where R w are constants e IR

IT t
2

rt try R cost sin't R

UH FMG

I
j

dd

x

UCF v13 s Y
er

As t increases wt increases and the

particle will come back at time T such that

WT 21T using radians 24 1600



w It 2 f
where

f f is called frequency

number of cycles per second
measured in Hz Herz

W Lif is called angular velocity
Question How fast is our particle moving

compute velocity

oft day
R E did Ed

Ruf é si nut tea cos wt

At t O U o Rw cos o E Rw es

particle is moving straight up
at speed U lol WR




