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¢=3.00x10® m/s, ks =1.38x10% J/K, h=6.63x10"* J-s, e—l 60x1071° C, Mass of electron:
9.11x10! kg; mass of proton 1.67x10? kg

1. The X-ray photoemission spectroscopy can be used to rneasure the composition of
‘materials and valence state of specific element If1 have a synchrotron X-ray with
‘photon energy of En=1254 eV, 1n01dent ona conductlve Co compound with

‘ ox1dat1on state of 2*. The binding energy of Co K—shell is 7709 keV; L—shell =

~ energies are 926 eV, 794 eV and 779 eV for Ll, Lu and. Lm edges respectlvely
“The work function (i.e. The energy needed for an electron leavmg the surface of
material) is 3 eV. Please tell me what are the energ1es ‘of the major photoelectrons, :
Ee? (5 points) What is the momentum of these photoelectrons‘7 (5 points) Hint:
Ee—Ehv-bmdrng energy ~work functron The rest mass of an electron is 9. 11x10 3

kg h=6.63x10 Js. " ’

2. I want to do a neutron diffraction on Ge(111) d-spacing, dnu, the energy of neutron: o

is E=0.020 eV. What is the diffraction angle 0 for Ge(111)? (10 points) The lattlce
constant of Ge is a=0.565 nm. Hint: 2dnsinf=A, dn= a/sqrt(h2+k2+12), o
A=h/sqrt(2mE), where “sqrt” means the square root, and h,k,] are Miller indices of
a crystal lattice in reciprocal space. The rest mass ofa neutron is 1.67x102%kg. -

3. In the positron emission tomo graphy expenment a positron emitter nuchde is
used. During positron annihilation process, the slowmg down (down to almost
zero energy) positron collides with an electron (at rest) of the tissue. The mass 7
disappeared and two gamma rays are ‘emitted with angular correlatlon of 180
degrees Please tell me what i is the energy of each gamma ray. (10 points) Note
that there are two gamma rays emlttcd please wr1te down the energles of both

. gamma rays.

4. Please tell me why the light emission from 2s to 1s is not possible? (5 points) If :
the light emitted from 2p to 1s state is possible, and the energy width of 2p state is
2 eV, please tell me what is the decay time of the light emission,. Hint; please use
the Heisenberg uncertainty pﬁnciple. (5 points)
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5. In the excited hydrogen-like spectrum experiment, the highest peak with energy of
3.7 ¢V was assigned as a transition from n=3 to n=2. Please calculate the energy
difference between n=2 and n=1. (10 points) Note that the hydrogen-like excited
system is not hydrogen. It is more like He', Li*? system. Therefore, you cannot

-use hydrogen binding energy value of -13.6 eV.

6. What is the relativistic kinetic energy of electron in a synchrotron if the electron
velocity is 0.999c¢ of light velocity ( ¢ is the light velocity) ? (5 points) The
relativistic kinetic energy of electron in the Taiwan Photon Source (TPS) of
National Synchrotron Radiation Research Center in Hsinchu is 3 GeV, please
calculate the velocity of electron (relative to the light velocity) inside this TPS
synchrotron. (5 points) Hint: the relativistic kinetic energy K=_ymcz-mc2.

7. Ina cold fusion reactor, after the deuterium +tr1t1um reaction, 'give offa neufron

~ and a‘helium atom. What is the energy of neutron, if there is no gamma ray and X-
ray are emitted in the fusion reaction and helium is in ground state. (10 poin'ts)r
The mass of deuterium, tritium, neuﬁon and helium are 2.014102 amu, 3.016049
amu, 1.008665 amu and 4.002603 amu, respectively. 1 amu=1.67x102kg.

8. Please write down the following questions briefly? (each sub-question is 2 points)
8-1 How many electrons in 3-d orbitals of a transition elements if all the 3-d
orbitals are full? v
8-2 What is the electron configuration of Fe2+ (Z=26)?

8-3 What is magnetic moment of Fe** atom if each electron spin is 1/2.

8-4 What is the name of the characteristic X-ray, when the K-shell of electron was
knocked out by high energy electron, and the L-shell electron comes to fill up the
hole of K-shell? /

8-5 What is the name of the characteristic X-ray, when the K-shell of electron was
knocked out by high energy X-ray, and the M-shell electron comes to fill up the
hole of K-shell?
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Please answer the following questions briefly: (each sub-question is 2 points)

9-1 Which number was verified in the black hody radiatien experiment?

9-2 What is the new discovery in the Stern-Gerlach experlment‘7

9-3 What is the new discovery of Millikan oil drop experrment?

9-4 In which discovery, Albert Emstern got the Nobel prize? -

9-5 What is the direct conﬁrmatron of physrcal property of atoms by the Franck-

' Hertz experiments?

Answer the following questions bneﬂy (each sub-questlon 1s 2 pomts)

10-1 Please tell me why in a sample vacuum chamber is needed during the
electron diffraction, while in neutron or X-ray diffraction, a sample vacuum
chamber isno longer need? - : :

10-2 Why an iron metal is ferromagnetlc wh11e an alummum metal is not‘7

10-3 With what kind of method, the temperature of sun can be determined to be
5800 K? . . _

10-4 With which experimental apparatus we can determme the gas molecules in
the sun consists of helium atoms.

10-5 Which element among all the 91 natural elements has the lowest electron
1omzat1on energy‘7



