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c = 3.00 x 108 mis, ks= 1.38 x 10-23 J/K, h = 6.63 x 10-34 J •s, e = 1.60 x 10-19 C, 
Mass of electron: 9.llxI0-31 kg; mass of proton 1.67xI0-27 kg 

1. What is the approximate velocity ____ of a proton at the exit of a 10 Me V baby 
cyclotron (please estimate the result to within 10% of uncertainty)? The proton 
(hydrogen ion) was injected into the cyclotron at 3 eV at beginning. The amplitude of RF 
microwave to accelerate the proton is 1000 V. The gap of cavity is 10 mm. The baby 
cyclotron is a kind of accelerator used in the nuclear medical division of a hospital. ( 10%) 

2. A 137Cs radioisotope emitting a 662 keV gamma ray. We use a high purity germanium 
detector to measure this gamma ray. We observed the Compton effect with scattering 
gamma ray escapes from the detector and only the energy of the recoiled electron was 
collected by the detector. Please tell me what is the maximum energy of the recoiled 
electron can be observed ____ by the detector. The formula of Compton effect is 
A'-Ao = (h/mec)(l-cos0) (10%) 

3. Find the de Broglie wavelength of the waves associated with an electron that has been 
accelerated from rest thorough a potential difference of (a) 50 V, ___ (5%) (b) 
200,000 V. . (5%)_The 50 eV electron is suitable for low energy electron 
diffraction and the 200 ke V electron is installed in a typical transmission electron 
microscopy. 

4. Determine the mass ___ of a free particle whose wave function is the plane wave 

'¥(x,t) = A e i(2 .. 8x10
11 

x-2.0xl0
13

t)' 

where distance (x) is in meters and time (t) in seconds. (10%) 

5. A ruby laser emits light of wavelength 694 nm. If this light is due to transitions from n=2 
state to n=l state of an electron in a box, find the width ___ of the box. You can 
consider the box as an infinite square well. (10%) 

' 6. Please write down the ordering of subshells by energy (from ls to 5d) 
________ (10%) 

7. The four quantum numbers of atom are n, 1, ml and ms or n, 1, j and mj. What is the 
difference between these two sets of quantum numbers? The difference is due to 
____ effect. (5%) 
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8. When we applied 1 T of magnetic field on a hydrogen with an electron at n=2 state. If the 

Zeeman energy is 5.8xl o-s e V measured by the microwave absorption. Please tell me 
what is.the Larmor frequency ____ of the electron. (5%) 

9. Ifl operate an X-ray generator (X-ray tube) at 45 kV, The X-tube consists of a Cu target 
and the K-edge of Cu is 8.9 ke V. What is shortest ~avelength _____ of X-ray I 
can get through the Bremsstrahlung? (5%) 

10. What is the name of X-ray ____ if this fluorescence photon is emitted from M 
shell to K shell of an excited atom? (5%) 

11. Write down the equations of uncertainty principle. (in x, p, E, t) ______ (5%) 

12. Write the meaning of degeneracy? ______ (5%) 

13. What is the magnetic potential energy U? ____ If atom is in the magnetic field of 
Band the magnetic moment isµ. (5%) 

14. Please write down the electronic configuration ____ (2%)_ofGd atom at ground 
state and show why Gd always form Ge2O3 after oxidation _____ (3%). The atomic 
number of Gd is 64. The neighboring close shell element is Xe with atomic number of 54. 


