
Quick PollQuick Poll  

Spring 2014  

 

• Would an 8:00 a.m. course M, T, W, F fit into your 
schedule? 

• Would a Tuesday morning lab at 9:00 – 12:00 fit into 
your schedule? 



Final exam extra creditFinal exam extra credit  

• Pick a lab from Phys 220 or Phys 221 

• Exam the lab using what you’ve learned since 
that lab.   

– Example:  Choose a lab from week 3, find physics 
that we learned in week 7 and week 12 that would 
also explain some of what happened in that lab. 







Young’s Double-Slit Interference Experiment 

What would you see 
on a wall? 

A. Red dot from laser 

B. Two red vertical 
lines 

C. Horizontal dashed 
line. 

D. Something else 





18 Ray Optics 
Ray model and photon model to 
produce the light 



Quantum PhysicsQuantum Physics  



Photoelectric EffectPhotoelectric Effect  

http://phet.colorado.edu/en/simulation/photoelectric


In the photoelectric effect experiment, red light does not 
cause the emission of an electron but blue light does.  
Why? 

 

A. The photons of red light don’t have sufficient 
energy to eject an electron. 

B. The electric field of the red light oscillates too 
slowly to eject an electron. 

C. Red light contains fewer photons than blue, not 
enough to eject electrons. 

D. The red light doesn’t penetrate far enough into 
the metal electrode. 



In the photoelectric effect experiment, red light does not 
cause the emission of an electron but blue light does.  
Why? 

 

A. The photons of red light don’t have sufficient 
energy to eject an electron. 

B. The electric field of the red light oscillates too 
slowly to eject an electron. 

C. Red light contains fewer photons than blue, not 
enough to eject electrons. 

D. The red light doesn’t penetrate far enough into 
the metal electrode. 



Monochromatic light shines on the cathode in a 
photoelectric effect experiment, causing the emission of 
electrons. If the intensity of the light stays the same but 
the frequency of the light shining on the cathode is 
increased, 

 

A. there will be more electrons emitted. 

B. the emitted electrons will be moving at a higher      
speed. 

C. both A and B are true. 

D. neither A nor B are true. 
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Photoelectric EffectPhotoelectric Effect  

KEmax = Ephoton – f 

 

Ephoton = hf h=6.626 x 10-34 Js = 4.14 x 10-15 eVs 

 

F = work function (minimum energy to release an 
electron from that particular metal) 



A sodium surface is illuminated with light with a 
wavelength of 3.00 x 10-7 m.  The work function for 
sodium is 2.46 eV.  Find the maximum kinetic energy of 
an ejected electron. 

 

Ephoton = 4.14 x 10-15 eVs * 3.0 x 108 m/s / 3.0 x 10-7 

 = 4.14 eV 

KEmax = Ephoton – f 

 = 4.14 eV – 2.46 eV = 1.68 eV 

 



Wave Properties of ParticlesWave Properties of Particles  

• Louis deBroglie in 1920’s  

• Observed a diffraction pattern when electrons 
passed through a crystalline structure! 

• Further investigation found 

– Electrons 

– Helium atoms 

– Hydrogen atoms 

– neutrons 



Wave Properties of ParticlesWave Properties of Particles 



deBroglie wavelength 

 = h/mv 

 

• Bigger momentum – smaller wavelength 

 

Calculate the wavelength of a rock m = 50g v = 40 m/s 

 

6.63 x 10-34 Js / (0.05kg * 40 m/s) = 3.32 x 10-34 m 



28 Quantum Physics 



Have you ever wondered why electrons have 
shells – allowed energy levels? 

http://phet.colorado.edu/en/simulation/hydrogen-atom


Energy Levels and Quantum JumpsEnergy Levels and Quantum Jumps  



Energy Levels and Quantum JumpsEnergy Levels and Quantum Jumps  



Absorbing and emitting photons 
A quantum system (a molecule) has the energy levels shown in the 
diagram at the right. The energies are as follows:  

E0 = 1.1 eV  

E1 = 1.8 eV  

E2 = 3.2 eV  

We begin with a large number of  
these molecules in their ground states.  

A. We want to raise a lot of these molecules to the state labeled E2 
by shining light on it. What wavelength of light should we use?  

B. If we expose our molecules to a continuous spectrum of light, 
photons of particular energies might be absorbed. What energy 
photons would you expect to absorb? Explain.  

C.  If we manage to successfully excite a number of the molecules to 
the state E2, they can decay by emitting photons. What energy 
photons might you expect to see? Explain.  

 



A. 2.1 eV = hc/     = hc/2.1eV = 5.9 x 10-7 m 

B.  0.7 eV,  1.4 eV, 2.1 eV 

C.  n=2 to n=1: 1.4 eV and n=2 to n=0: 2.1 eV 



vocab 

• Stimulated absorption 
• Excited states 
• Spontaneous emission 
• Stimulated emission 

A. Electron hit by a photon 
that matches a jump 
down for that electron 
so it jumps down and 
emits a matching 
photon 

B. Electron hit by a photon, 
absorbs it and jumps to 
a higher level 

C. Excited electron jumps 
down to lower level and 
emits a photon 



Pulse LaserPulse Laser  

Light 
Amplification by 
Stimulated 
Emission of 
Radiation 

Need more emitted than absorbed!! 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GBBmykzjGoIpuM&tbnid=7GuoMYSnhbVESM:&ved=0CAUQjRw&url=http://fr.wikipedia.org/wiki/Laser&ei=8gSAUZKRFoWFiALy_oCACA&bvm=bv.45921128,d.cGE&psig=AFQjCNETByM1yAcTlh7IX6HvVFtPT2rMIA&ust=1367430761012403


LaserLaser  

Somehow you need to get more in n = 2 than n = 1 
Metastable state: one that is relatively stable 
(electrons hang out for awhile) 
 



 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=_1qM96er-MstzM&tbnid=f8oUDIU-Q8usMM:&ved=0CAUQjRw&url=http://laser.physics.sunysb.edu/~dli/hnwork.html&ei=pwWAUbjCLuWciQKPnoCwAw&bvm=bv.45921128,d.cGE&psig=AFQjCNFSxHOMj4MMdwvtFF5le6uWh9Cfgw&ust=1367430943724656


LasersLasers  

http://phet.colorado.edu/en/simulation/lasers

