Day 78,79,80,81

Relativity notes

Matter-Energy Assignment

R+MN
Chpt 11
P’s & Q’s


R+MN 
Chpt 12
P’s & Q’s


R+MN 
Chpt 13
P’s & Q’s


Special relativity assignment


http://www.onestick.com/relativity/

show me the diploma

Relativity

Kepler  (  Newton  (  F = Gm1m2  (  200yrs  (  then…





  


r2

LIGHT and all hell breaks loose

Let’s backup…

Frames of reference

[image: image16.png]© M- h

mc
bt we wrent X
e phaten /%
50 G =

)Crf c’./‘ﬂféﬁ/é /'/’(




Level 1
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(



vs.


(


(observer





(observer

Need everybody to come to me - (walk to back of  room)
-    Thanks.



Level 2
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There are “normal” and “strange” frames of reference.


Laws of physics work

Laws of physics don’t work



“inertial”




“non-inertial”

Situation 1


Situation 2


Situation 3
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  v = 0



   v = m



     a = m

Observer in “moving” frame of reference sees black path.
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(




(




(
Observer in “stationary” frame of reference sees red path.

Inertial frame – law of inertia is valid if v = constant

Non-Inertial frame – law of inertia is not valid if 






v ≠ constant  (curve or Δv)











   as











car











   turns






(
outside observer sees inertia move



you straight ahead.

Centrifugal force – the fictitious force (actually just inertia in a non-inertial frame) that pushes to the outside of a rotating object.

Einstein’s Special Relativity



· Works only in inertial frames of reference.

· All laws of physics are valid.

· Speed of light = 3*108 m/s for all inertial frames – even for two different frames of reference looking at the same event!

Classical Physics
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v=0
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v=m




(






(

vball = 7 m/s




vball = m + 7m/s
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v=0
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v=m




(






(




vlight = c




vlight = c + m




Relativity
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v=0
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v=m




(






(




vlight = c




vlight = c










if 

( vlight=c









if 

( vlight=c

Michelson – Morely ( hoped to find that c varied using an interferometer – it didn’t ( no ether ( no absolute frame of reference for light ( any frame sees light the same.

In Relativity…

Simultaneity Sucks – one event can happen at two different times for two observers.

Close the switch, both light turn on at the same time.















(






(





In the time it takes light to reach (top she has moved to the right.

In Relativity…

Time is ‘tupid – time itself is different for different observers – the observers are not wrong in their perception of time but time itself changes!

s= “proper” measurement 

m= relativistic measurement

       Clock

        mirror




      

     v=0
(






    v = m
   







(

According to the outside observer the light travels farther but c must be the same.  


c = d

so “t” must go up as well.  


   t

ie) 
the outside observer sees time take longer 



on the fast moving ship.

How much does time change?



   d = cΔtm







d = vΔtm
For photon to go up

(cΔtm)2  =  (vΔtm)2  +  (cΔts)2
(cΔtm)2  -  (vΔtm)2  =  (cΔts)2
c2(Δtm)2  -  v2(Δtm)2  =  c2(Δts)2
divide by c2
(Δtm)2  -  v2(Δtm)2  =  (Δts)2



  c2

(Δtm)2  1 -  v2
=
(Δts)2



c2
(Δtm)2  
=
(Δts)2




1 -  v2




      c2

Δtm 

=
   Δts 















 1  -  v2





 c2
Find time dilation at 

a)  0m/s







1

b)  28 m/s
(100km/hr)


impossible to measure greater than 1

c)  0.9c







2.294









time goes 2.294 times 







slower than v=0

In Relativity…

Length is loopy – the length of moving objects shrinks in the direction of motion.

Frame # 1 – rocket moving - planets still







Ls


Frame # 2 – planets moving – rocket still







Ls


OUTSIDE Rocket




INSIDE Rocket

Ls = vΔtm






Lm = vΔts
Remember

Δtm 

=
   Δts





  1  -  v2





c2
mult by v

v Δtm

=          vΔts














1  -  v2






c2




 Ls


=

Lm











1  -  v2






c2





Lm


=
Ls
1  -  v2






       c2
Find length contraction at

a)  0 m/s

b)  28 m/s

c)  0.9c

In Relativity…

Mass is a monkey – mass (actually momentum) 






blah, blah, blah

ρ
=
mv




1  -  v2



c2
Inertial mass


F = ma









  At low speeds these 








  are the same.

Gravitational mass

Fg = mg

Imagine 1kg @ 0.9c…

Classical






Relativity

ρ
=
mv





ρ
=
mv


ρ
=
(1)(0.9)(3*108)




1  -  v2











c2
ρ
= 
2.7*108




ρ
=
2.29(2.7*108)










Einstein’s General Relativity – not part of this course but it is neat – works in non-inertial frames of reference.

Stationary elevator


    
elevator accelerating up

on earth g = 9.8m/s2



@ 9.8m/s2 in space
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ball falls at 9.8m/s2



   ball falls at 9.8m/s2
Acceleration and gravity are indistinguishable.

Imagine a “clock” on the accelerating elevator  - an hour glass
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   a   upwards

The person at the neck of the hour glass sees one grain of sand fall each second.  A person at the bottom of the hour glass would see those grains of sand hit less than a second apart.  The person on the bottom has a different, shortened, idea of what a second is.  

Time is moving faster at the point further from the direction of acceleration.

Time is moving slower at the point closest to the direction of  acceleration.

BUT…

Gravity and acceleration are indistinguishable so near a large gravitational source…








Time fast
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 Time slow


 



    
   Black hole

Time slows down as you fall into a black hole.  The greater the acceleration the greater the time change.  You fall into a black hole for all of ∞.

GPS satellites must take the gravitational field of earth into account to get the proper time and therefore distance to your GPS unit.  If Einstein hadn’t figured this out GPS wouldn’t work. 

Day 82,83,84

Quantum

Spectra

Pipe organ pipe

QUANTUM THEORY

Blackbody Radiation – the colour of light given off by an object solely due to its temperature.
Max Planck was able to mathematically describe blackbody radiation by making a radical hypothesis – the energy of the light frequencies are all multiples of some smallest packet of energy – energy is not continuous – it is QUANTIZED. (Planck hated this idea but it worked) 


Classical Physics





Quantum Physics



white


      blue



red





UV  V I B G Y O R  IR 



       UV  V I B G Y O R  IR








Experiment Results






     
    UV  V I B G Y O R  IR


Photoelectric Effect – light of certain frequencies shone onto some metals cause the metals to give off electrons. (calculators)  Light lower frequencies produced no current even at huge intensities.  Again energy levels for electrons must be Quantized.

Both blackbody radiation and the photoelectric effect proved that classical physics does not work at the atomic level (common sense no longer applies so don’t even try to use logic).


Rutherford – the electron was circling the nucleus – BUT – a moving charge radiates energy (radio towers, antennas etc.) – electron should collapse into nucleus!
Bohr – if energy is quantized for electrons that can explain why Rutherford’s atoms did not implode – proof – Emission Spectra

(demo)

For an electron to jump a level it must absorb the exact amount of energy between the levels – no partial jumps allowed!!  Also the electron jumps from one level to the next without ever being in between.

Bohr’s model explained hydrogen very well but not the other             !  elements.

Matter Waves – matter as well as light can behave as both a particle and a wave simultaneously!

DeBroglie Wavelength – this indicates the wavelength that a particle with a certain velocity will have.  The critical experiment for this was the electron beam diffraction apparatus.  Electrons behaved as waves even when shot through the slit one at a time.

Eg] DeBroglie wavelength of a 0.3kg baseball travelling at 100kph
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Unmeasurable!
But… wavelength of a 9.11*10-31kg electron travelling at 2.9*108 m/s
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approx. size of nucleus!

This explains how an electron can be on one side of the nuclei in a p-orbital then on the other side without ever being in between.  Waves have nodes where the don’t exist. (think musical instruments – hammer on)


Heisenburg postulated that measuring particles that are so small affects their momentum and position.  The light used to view an electron changes the electron.  “Like using a crowbar to examine the inner workings of a watch.”  It is impossible to know both momentum and position exactly

(Δρ )( Δx )=h    


uncertainty in momentum
    *
uncertainty in position 
=
 Planck’s constant

Schrodinger’s wave equation mathematically defined the !! PROBABILITY !! of finding an electron in a given space (orbital)

d2Ψ  + 
d2Ψ   + 
d2Ψ    +     8¶2m (E-V)Ψ  =  0

dx2

dy2

dz2
 
    h2
-schrodinger’s cat

- the solutions to Shrodingers equations are equations! – but these solution equations are shapes!!
Ex]  x2 + y2 = 9

s orbital

p orbital



d orbital








-can be used for multi-electron systems

-each electron has an address to locate it defined by quantum numbers

Quantum Numbers

n( principal energy level (  Bohr ( row on  periodic table ( values from 1 to ∞
l  (angular momentum ( determines the shape of orbital or sublevel 

(  l  can have only whole number values from 0 to (n-1)
(  these are the s, p, d orbitals etc.

ml ( magnetic quantum number ( the spatial orientation of the orbital  ie. px, py or pz 

( ml can have whole number values from   – l    to    + l


( if l=1 then ml can be 

–1,
0,
+1  





 


px
py      
pz

ms ( spin quantum number ( not exactly spin but can be viewed like it

( two values + ½   and –½ .   

( The spin restriction results in only 2 electrons being allowed in each orbital.

Eg]  Find the quantum address possibilities of an electron in the second energy level (n=2).  What is the maximum number of electrons in n=2?

	n
	l
	ml
	ms
	

	principal
	orbital
	orientation
	spin
	

	2
	0

s-orbital
	0

spherical
	-1/2
	2 electrons in s-orbital

	
	
	
	
	

	
	
	
	+1/2
	

	
	
	
	
	

	
	1

p-orbital
	-1

px
	-1/2
	6 electrons in p-orbitals

	
	
	
	+1/2
	

	
	
	0

py
	-1/2
	

	
	
	
	+1/2
	

	
	
	+1

pz
	-1/2
	

	
	
	
	+1/2
	

	
	Total of 8 electrons in n=2     (2n2)


The modern or wave mechanical or quantum view of the atom states that:

· Energy of electrons is still fixed but electrons are not in simple fixed circular orbits.
· Positive nucleus surrounded by a pulsating electron wave.

· Orbital – that area within which there is a certain probability (90-95%) of finding the electron.  These orbitals are solutions to Shrodinger’s wave equation.

· Each energy level is divided into a number of energy sublevels.  The number of sublevels is equal to “n”   (this is the l  of quantum numbers)

· So, energetically, the models are represented as…

Bohr







Quantum












n=3







n=2









n=1

   





      nucleus
Each successive orbital is a little further ‘away’ from the nucleus energetically speaking.

But spatially the quantum model looks like…


HW.  
Build our periodic Table


Quantum Theory challenge – New periodic table


s = 2 e


p = 6 e

d = 10 e


f = 14 e


g = 18 e

	6s
	6p
	6d
	6f
	6g
	6h

	5s
	5p
	5d
	5f
	5g
	

	4s
	4p
	4d
	4f
	
	

	3s
	3p
	3d
	
	
	

	2s
	2p
	
	
	
	

	1s
	
	
	
	
	


Day 85,86

Day 85
Review Chapter 11,12,13, Relativity and Quantum

Day 86
Test

Inertia works





Inertia works





Inertia works





Inertia works





Inertia doesn’t work





Inertia works





	  In the car you feel a force 	pushing you to the outside.


     (





v = 7m/s





v = 7m/s





Acceleration








Those lights turned on simultaneously.





The light on the right turned on before the light on the left





      








	     (











	      





That photon went up and then back down and travelled a distance of  2cΔts	ts = one way time





      





(


	     











	      





That photon went up and then back down and travelled a distance of  2cΔts	ts = one way time





That photon went up and then back down and travelled a distance of  2cΔts  ts = one way time





      





(


	     











	      





That photon followed the red path





d = cΔts





If v>c then Δt becomes imaginary.  So you can go faster than the speed of light if you can figure out what 	time		is.


			√-1





Planet


  A





Planet


  B





Planet


  B





Planet


  A





(





(





As if the mass 


were 2.29 kg





All colours of blackbody radiation should give off more energy near their colour and less at other wavelengths.





All colours of blackbody radiation should give off energy asymptotically.
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blue





red





colour





colour
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blue





red





colour





What if v = 0?


Can’t – earth rotating, revolving around sun, revolving around galaxy, shooting off in direction of Virgo…
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