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1. (A) Write down the four assumptions of the Bohr model of a hydrogen atom.
Derive the energy of a hydrogen atom and the Bohr radius. [12 points]
(B) For the Balmer series of the hydrogen atom, find the longest wavelength of

emitted photons in the series and determine their energy. [8 points]

2. For a particle moving in an infinite square well, V(x) =0 for |x|<L/2 and V(x) = «
for [x|>L/2.
(A) Write down the time-dependent Schrodinger equation and time-independent
Schrodinger equation (TISE). [4 points]
(B) For a particle in the ground state, the eigenfunction is \/—% cos(—%x) obtained
by solving the TISE. Derive the expectation values of x, x°, p, and p’.
[12 points]

(C) Calculate the value of AxAp from the result in 2(B). [4 points]

3. Electrons bound to metal are literally torn from the surface by the application of a
strong electric field. This phenomenon is called field emission. By placing a
positive charged plate near the source metal to form a parallel-plate capacitor,
once beyond the surface (x>0), one electron is attracted by the electric force in the
gap, F'=ee, represented by the potential energy U(x)=- eex.

(A) Starting from the equation for transmission 7(E) of electrons from high, wide

barriers T(E)zexp(—%\/Zm J:/U(x)—Ea'x), show that T(E)zexp(—i‘—) with
&
g, :i———w, where ¢ and ¢, denote the work function and the
e

characteristic field strength, respectively. [10 points]
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(B) With a typical value of ¢=4.0 eV, the calculated value of e 15 5.5x10'° V/m.

The number of electrons per second impinging on the plate surface from the
bulk is the collision frequency £, about 10°° per second per square centimeter
for most metals. Take the plate separation to be d=8.0 pm and plate area to be
A=1.0 cm®. Estimate the leakage current due to tunneling that passes across a

parallel-plate capacitor charged to a potential difference of 10 kV,

(e*=7.78x10"%°) [10 points]
4. The electric field £, due to an electric dipole is given by £, =k[£3— 3(;3;?)}7],
r r

where | p|=qa is the dipole moment. At a large separation, 1.e., r >> a, assume

that the magnitude of the electric force between two molecules is proportional
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(A) Determine the value # in the formula __1”_ for a hydrogen bond.  [10 points]
v

(B) Determine the value # in the formula i for a van der Waals interaction.
¥

[10 points]
5. The figure show the total molecular 19
energy for the bonding and O+ % 4y 02
. ) i ' \ Separation r, nm
antibonding orbitals of H,. Based on > ~10
>
the symmetry of the electron wave £
‘ ' o 20 :0.074 nm~ . Antibonding (U, + E,,)
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energy on the separation between the

protons. [20 points]




