Name___________________________


(R) Physics: MODERN PHYSICS
[image: image1]Describe EVIDENCE that supports Light is a WAVE:
Describe EVIDENCE that supports Light is a PARTICLE:

!!  Make Sure you ABSOLUTELY know evidence for light both as a Particle & a Wave
So which is it? IS light a particle or wave?

Light Energy:  The relationship between Frequency & Energy:  

[image: image18.png]34 A meson may not have a charge of

(1) +le (3) Oe
(2) +2e (4) -le




Planck’s Constant = 

Define Photon:

Light Energy in eV (Electronvolts):   Define 1 ev: 


Conversion from eV to Joules: ______________________

Examples:

· A certain photon’s energy is 2.11 eV.  Find:

a. Energy of photon in Joules

b. Frequency of photon

c. Color of the light associated with the photon?
[image: image19.png]The slope of a graph of photon energy versus
photon frequency represents

(1) Planck’s constant

(2) the mass of a photon

(3) the speed of light

(4) the speed of light squared




The PHOTOELECTRIC EFFECT:
1.  ___________________ This impacts the ENERGY of the 
     electrons released
[image: image20.png]A tau lepton decays into an electron, an electron
antineutrino, and a tau neutrino, as represented
in the reaction below.

On the equation in your answer booklet, show
how this reaction obeys the Law of Conservation
of Charge by indicating the amount of charge on
each particle. [1]



2. ____________________ This impacts the # of electrons released, but NOT their     energy

Particle Waves:

MODELS of the ATOM
Describe why we can NOT see atoms, and never will be able to:

[image: image21.wmf]
1.  Atomic Model #1: Raisin in the Plum Pudding Model
[image: image22.png]A particle has a quark composition of st.What is the
charge on and classification of the particle?
(1)—1e,baryon (2) +1e,baryon (3)—1e,meson

(4) +1e,meson



 ( JJ Thompson 1903   

Main Idea:
[image: image23.png]A particle has a quark composition of dds. What is
the charge on and classification of the particle?
(1)—1e,baryon (2) +1e,baryon (3)—Te,meson
(4) +1e,meson



2.  Atomic Model #2:  Rutherford Atom

( E.J. Rutherford 1911  Gold Foil Experiment


Describe the objective of the Gold Foil Experiment:

[image: image24.png]What s the electric charge on a particle having quark
composition db?




Describe how the Gold Foil Experiment was carried out:


What was observed in the experiment:


  1)

 
  2)

[image: image25.png]55. What s the electric charge on a pion having quark
‘composition ud?



Rutherford’s Atomic Corrections:


1) Atom is mostly ________ ___________, but has a tiny              MASSIVE ___________  nucleus at the center


2) Nucleus is                   an atom’s diameter


3) Nucleus has ___% of an atom’s mass


4) __  Nucleus is surrounded by orbiting ________, so the              electron’s don’t 


Flaws of the Rutherford Model (recognized by Niels Bohr)

1. An orbiting electron must be ...

2. [image: image26.png]54. An antibaryon is composed of (1) three quarks
(2) one quark and two antiquarks (3) three anti-
quarks (4) two quarks and one antiquark



Therefore, is must 

3. As a result, KE & Momentum should be lost due to ____________________.  The electron should __________________________________________________
4. [image: image27.png]53. Abaryon may have a charge of (1) —3¢ (2)0e
() +3e @) +3e



This should produce a _______________ Spectrum, which looks like...
[image: image28.png]17. An electron in a mercury atom jumps from level a to
tevel g by absorbing a single photon.What s the
energy of the photon in electronvolts?

18. Which phenomenon provides evidence that the
hydrogen atom has discrete energy levels?

19. As an atom absorbs a photon of energy, one of its
electrons will (1) exchange energy tevels with
another of its electrons (2) undergo a transition toa
higher energy level (3) undergo a transitionto a
lower energy level (4) increase its charge

20. Which transition between the energy levels of
mercury causes the emission of a photon of highest
frequency? (1)etod (2)etoc (3)ctob (4)btoa

21. As an atom goes from the ground state to an excited
state, the energy of the atom (1) decreases
(2) increases (3) remains the same

22. Itis possible for an excited hydrogen atom to return
to the ground state by the emission of a single pho-
ton.Regardless of the initial excited state, this elec-
tron transition produces a spectral line in which
region of the electromagnetic spectrum?

(1) ultraviolet (2)infrared (3) visible light
(4) radio waves




Atomic Spectra:  3 Types  (We’ll discuss 2)
1.  Continuous Spectra:  Smooth distribution of the EM Spectrum (seen above)

2. Emission Spectra:  Specific bands of color (frequencies) are seen, representing specific photon energies
[image: image29.png]12,

13.

14.

15.

16.

The lowest energy state of an atom is called its
(1) ground state (2) ionized state (3) initial energy
state (4)final energy state

Which electron transition in the hydrogen atom
results in the emission of a photon with the greatest
energy? (Iln=2ton=1 Qn=3t0n=2
3Yn=4ton=2 @n=5wn=3

What s the minimum energy required to ionize a
hydrogen atom in the n = 3 state? (1) 13.60eV
(2)12.09eV (3)5.52eV (4)1.51eV

Which photon energy could be absorbed by a
hydrogen atom thatis in the n = 2 state?
(1) 0666V (2)1.51eV (3)1.89eV (4) 2.40eV

Hydrogen atoms undergo a transition fromthe n = 3
energy tevel to the ground state.What is the total
number of different photon energies that may be
emitted by these atoms?



3.  Atomic Model #3: the Bohr Atom


( Neils Bohr 1913  --- Explains why electrons keep their orbits              instead of decaying into the nucleus.

[image: image30.jpg]Heit, Conceptual Physics, Ninth Eon
‘Copyright ©2002 Pearson Educaton, Inc,

. Al rights reserved.




Evidence Electrons keep their orbit:

To jump between electron energy levels, an electron must

____________ or ______________ a photon of exact ___________________(                                 )
Other details:

[image: image31.wmf]
[image: image51.png]Classification of Matter





PSRT Energy Level Diagrams:

· Energy measured in units of ______

· Convert to Joules when calculating
· Energy between levels is in discrete amounts (Quantized)

· A measure of PE with Zero being at infinity

· Hence, we have _________ values at less than infinity

· Ionization energy: eV energy needed to get to _______
Examples:  Use your PSRT to answer the following examples

[image: image32.png]Determine the energy in megaelectronvolts produced in the reaction of a proton with a lithium atom.
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INSIDE THE NUCLEUS
 What’s it called….___________________________

 Describe the Force that holds the Nucleus Together:

 Is it attractive or Repulsive?  ____________

 How strong is it

   List the details of this force: 

Einstein 

Unified Atomic Mass Units:  1U = 

                 According to the PSRT

Einstein’s Famous Idea:

           “E” represents:

Einstein’s Famous Equation:                                                 PSRT

Ex.  Find the energy equivalent of a 46 gram golf ball, lying on a tee

[image: image34.png]



Particle Physics: USE THE REFERENCE TABLE!!!!!
[image: image35.wmf][image: image36.png]



[image: image2]
Write any notes you believe you’ll need! 
[image: image37.png]


EXAMPLE

Example
[image: image38.png]Positively
charged
material




WORKSHEET

EXAMPLE


[image: image3]

[image: image4]
Why can an electron only occupy certain ENERGY LEVELS?

[image: image39.png]Screen
Source of
« particles




Newest Atomic Model:  The Electron Cloud Model

[image: image5.emf]



Today we have the 

Today we have the 

Electron Cloud Model. 

Electron Cloud Model. 

It accurately predicts all elements’ Spectral Lines

It accurately predicts all elements’ Spectral Lines





We calculate the 

We calculate the 

probability

probability

for an electron to exist in a 

for an electron to exist in a 

certain region (that’s the best we can do)

certain region (that’s the best we can do)





By measuring the location repeatedly and plotting it as a 

By measuring the location repeatedly and plotting it as a 

dot, you get the resemblance of a cloud

dot, you get the resemblance of a cloud





Bohr model only predicted 

Bohr model only predicted 

Hydrogen’s Spectral Lines

Hydrogen’s Spectral Lines

•Densest part of cloud = Highest 

probability of electron location

•Is a good fit to the Bohr radii

•Is even a small but finite probability of 

e- being temporarily inside nucleus

7.1.1,2  U.G. “Describe the Model of the Atom”


[image: image40.png]


INSIDE THE NUCLEUS
 What’s it called….___________________________

 Describe the Force that holds the Nucleus Together:

 Is it attractive or Repulsive?  ____________

 How strong is it

   List the details of this force:  

[image: image41.png]


Our 4 Forces of Nature:  

(Describe each ones strength & character)

[image: image42.png]



Ex.


[image: image6]
PARTICLE PHYSICS:   Use your PSRT
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Examples:
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Q: Find the energy of a photon released when an electron goes from n=5 to n=2 state in Hydrogen (PSRT)


Ephoton = 








What color is this photon?


E =  














Same Questions for Mercury


E =  





E =  








 f=  








Problem Solving Strategy


If mass is in ___, use E=mc2


If mass is in __, use the conversion 1U = 931.5 MeV





What energy must a photon have to raise an electron from the ground state to the n=4 state? Express in eV & Joules.











What is the Ionization Potential for an electron in the ground state? (AKA: what energy must the ground state electron gain to be ionized)











Where would the electron get this energy from?








What would happen if an electron in the ground state was struck by a photon of 10.1 eV?











What is the wavelength of this photon?








What part of the E-M spectrum is this
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[image: image49.png]36.

37.

38.

39.

Which statement most accurately describes the
interaction which binds a nucleus together?

(1) long-range and weak (2) long-range and strong
(3) short-range and weak (4) short-range and strong

What is the force that holds the nucleus of an atom
together? (1) nuclear force (2) magnetic force
(3) gravitational force (4) electrostatic force

Itis difficult for a proton to approach the nucleus
of an atom because of the (1) gravitational field
(2) electrostatic field (3) magnetic field

(4) nuclear force

One universal mass unit is defined as (1) the mass of
an electron (2) the mass of a proton (3) the mass of
acarbon-12 atom (4) 35 the mass of a carbon-12
atom



[image: image50.png]Particles of the Standard Model
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Note: For each particle. there is a corresponding antiparticle with a
charge opposite that of its associated particle.



