BIG BANG!
Hubble analyzed the red shift data for galaxies, and interpreted it as recessional velocity.

Hubbles Law:-

Recessional velocity & distance

V = H0r


V = s /t

Units of H0?


S / t = H0r


H0= (s/ t)/r
=
(m/s)/m


H0 units = s-1

i.e. units of recipriocal:


1 / H0 = Hubble time
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Evolution of the Universe

At the very large distances, eg. 1000MLY, the red shift is a measure of how waves stretch as space stretches


Red shift 
Z = ∆λ / λ


Expansion of space
=
1 + Z

Only if the Z is very much less than one is it possible to interpret the shift as a recessional velocity.

COSMOLOGICAL RED SHIFT
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R – distance between the two galaxies which increases from Remitted to Robserved. 



λ emitted

=
Remitted

or vice versa


λobserves 

Robserved





=
∆λ + λ emitted






λ emitted



Robserved
=
1 + 
∆λ

= 1 + Z


Remitted



λ emitted
COSMIC MICROWAVE BACKGROUND RADIATION

COBE Satellite (p74)
And other experiments / observations give evidence supporting the idea of an early hot dense universe. (Big Bang)

Current temperature is 3K, with λ ≈ 1mm.

Long ago (300,000 years after Big Bang) the temperature was 3000K with λ ≈ 1mm.


Particle Energy
≈ 1.5 kt


Photon energy

≈ hf


1.5kt
=
hf

Cosmological Expansion Z + 1 
= Current Ratio of universe






Radius from an early time






= Current λ of radiation






Λ of radiation of previous


From data given…



Z + ! = 1mm
= 1000




1μm

Useful questions to do: 20s, 55s, 60s, 100s – try these on page 80.

BOLTZMAN FACTOR
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2 Jars – 
One hot

Viscous flow has an



One cold
activation energy.
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‘Getting Lucky’

Particles having lowest energy level.

They may gain enough energy to climb one energy level.

A fraction, f, gain the energy E at each step of the ladder.
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Processes such as melting, evaporating, ionizing, chain reactions, viscous flow, start to have a significant rate when the energy per particle is in the range 15-30 × the average energy kt per particle.

Some particles will have an energy well in excess of kt as there is a distribution of particle energies.
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Think of E as an activation energy.


If E is small
E / kt 
also small → faster rate of reaction

If E is big
E / kt 
also large → slower rate of reaction

Rate of reaction (= kt / E)


exp{-E/kt}


e-(E/kt)
Rate = A × e-(E/kt)

A – a constant of proportionality.

Ln Rate = ln A + -E/kt
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AIR MOLECULES

Molecules in the atmosphere gain energy and move away from the earth’s surface.Gravity pulls them back.

As molecules rise they gain GPE = mgh.

At height h the fraction having increased energy E is:


F = e-(E/kt)
as T → ∞




-(e/kt) → 0

e-(E/kt) → 1

	Energy E
	Boltzmann Factor f

	kt

10kt

20kt

30kt
	0.368

0.0000454

0.00000000206

0.0000000000000936
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CHAPTER 15
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ELECTROMAGNETIC MACHINES:

Electric motor

Generator (Dynamo)

Transformer

Generators

Electricity is generated for the National Grid, large industrial plant, isolated homes and as a backup system in hospitals.

Transformers

For connections to and from the National Grid.

Stepping down mains for use in domestic appliances e.g. TV, PC, etc.

Motors

Transporting goods and people:
Underground






Electric Train






Trams

Power Tools

Kitchen Appliances

Electric Car

CIRCUITS FOR ELECTRICITY AND MAGNETISM
Electrical components are linked by a circuit.

There is a circuit for the magnetic field to flow around (magnetic flux).

Air can be part of this circuit but iron or ferrite is normally used (man-made iron oxide).
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LENZ’S LAW
The direction of the induced voltage in the coil opposes the motion by making the top of the coil act as a north pole (as shown).
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Electromagnet:
Design Features


Features:-
Large Current




Large number of coils




Tick metal piece of soft iron

ACCELERATION DUE TO GRAVITY
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    h 
= ut – ½ g t2
1.82 
= 0 – ½ × 9.8 × t2
     t 
= 0.608s

Demagnetized magnet falls faster than a magnetized magnet as the magnetized magnet interacts with the free electrons on the copper tube (single copper coil) inducing a resistive force on the magnet, making it fall slower.

Magnetic Flux:

ф
= B × A

Magnetic flux
= magnetic field strength × area

B = ф / A
B is also ‘flux density’

Units
ф is measured in Webers (Wb)



B is measured in Webm-2
FLUX AND FORCES
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If there is an attractive force the flux path becomes shorter.

A model is to consider the field lines as being pieces of elastic.

MOTOR EFFECT
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TRANSFORMER’S KIT
1) Try first with 4 volts d.c.in step up mode. Open and close switch rapidly.

2) Switch to a.c. 4 volts. Observe in step-up and step-down form.

3) Now place multimetres across each device.

4) Undo the c-clip and separate.

5) Reduce the area by sliding the cores apart.

6) Observe bulb brightness.

7) Insert paper between cores.

FARADAY’S WORK

Wound coils onto iron core (toroid).

Primary coil connected to a d.c. source.

Secondary coil connected to a voltmeter.

Faraday actually had a wire pressing over a  compass needle.(Desterd’s discovery).
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Stages:

1) No flux.

2) Close switch on 1°.

3) Large flux which is rapidly changing.

4) E.m.f results (2° voltage).

5) Steady current in 1° therefore steady flux, no e.m.f.

As the switch is closed:
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We notice the following patterns:
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Φ α B α I
How does e.m.f relate to flux?

E.m.f. depends on the rate of change of flux (linked).


E α N α d ф



   d t


E = -N
d ф

‘Faraday’s Law’



d t



Definition:

‘1 Weber is the magnetic flux that induces an e.m.f of 1V in a circuit of 1 turn when generated in 1 second.’

COMPARING ELECTRIC AND MAGNETIC CIRCUITS

	Electric


	Magnetic

	I / V

G = I / V


	Φ / N

Λ = Φ / NI 


Units G = Siemens

Φ = Wb

Λ = Wb Ampere turns -1
σ 
= conductivity

μ
= permeability

G 
= σ A


Λ
= μ A
     L



     L

R 
= ρ L


Reluctance = N I = R



     A



         
Φ

· If there is no electric circuit, there is no current.

· If the magnetic circuit has an air gap, the field still flows but is diminished. The efficiency of any machine is compromised.

μiron ≈ 1000

μair
 ≈ 1

FLUX DENSITY

Flux Density  / Field strength


B = Φ / A

Real Transformers:

· Can be efficient as 95% (or more)

· Justifying the idea that:

Power In
= 
Power Out

(1°)


(2°)

IpVp

=
IsVs

Ip

=
Vs

Ns

=
Vs



Is


Vp 

Np


Vp

Compare
Is
=
Np



Ip

Ns
EDDY CURRENTS
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Eddy currents are caused by changing magnetic fields in the core which induces an emf / current in the core itself. This current opposes the change that caused it (Lenz’s Law)
Solution:

a) Laminate the core –make it of thin sheets separated by layers of glue.

b) Use a magnetised ceramic, e.g. ‘territe’ Fe2O3.

Generators and Motors

Generators


→ most basic dynamo

→ alternator – improved design used in all cars.

DYNAMO
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Permenant magnet rotates over a coil.

Alternating flux induces an emf.

Relatively inefficient: magnet and coil separated.

Alternator

Electromagnet spins – supplied with d.c. through bruishes in contact with slip rings.

Normally the d.c. electromagnet rotates – they are called a ‘ROTOR’.

The core which has coils wound around it to pick up the changing flux is called a ‘STATOR’.

The air gap is minimised using shaped end pieces.
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SCANNED IMAGE
THREE-PHASE GENERATOR

3 sets of poles: 3 sets of coils

SCANNED IMAGE

MAKING AN ELECTRIC MOTOR
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