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R=8.314 J/{K mole)

. For dry air at 1.0000 atm pressure, the densities at ~50°C, 0°C, and 69°C are
1.5826 g dm™, 1.2929 g dm™, and 1.0322 g dm™, respectively. From these data,
and assuming that air obeys Charles’s law, determine a value for the absclute zero
of temperature in degrees Celsius. (10%)

Consider a system consisting ¢f 3.0 mol COx(g}, initialiy at 35°C and 9.0 atm and
confined to a cylinder of cross-section 100.0 cm®. The sample is allowed to
expand adiabatically against an external pressure of 2.5 atm uvntif the piston has
moved outwards through 25 cm. Assume that carbon dioxide may be considered a
perfect gas with Crm=288TK" mol”', and caleylate (8) 9, (b) w, (c) AU, (d) AT,
(e) AS. (20%)

The equilibrium constant of reaction is found to fit the expression In K =4 + g/7
+ T between 400 K and 600 K with 4 = -1.76, B = -1368 KadC=11x1
K’ Calculate the standard reaction enthalpy and standard reaction entropy at 500

K. (20%)
-{ayIfAisan operator, then the exponential operator ™ is defined as & power series;

et = Z (—II)A” - If the etgenfunction f{x) of the operator A with an cigenvalue q,
pul)

what is the eigenvalue of ¢ when the exponentia} operator ¢* operates on f{(x),
Show your answer? (2%)

{b) Define an operator function f{i) = ¢4 g4 » where A and B are two operators

and X is a parameter. Show that (i) f{0) = B, (ii) i‘{%z[z{,f(i)] and (iii)

d*F(A)
dA?

(¢) By setting A = 1, then the operator function fA) = ¢**ge** cap be shown as

=LA S (5%)

e"Be"’=B+[A,B]+51'{A,[A,B]]+v31—r[A,[A,[A,B]]]+..... When a sandwich

operator Ry is defined as R, = o7 4 ™ where both A and H are operators, | =
V=1 - and t represents time, then answer the following questions:

(1) Simplify the expression e [ e where L, is the z-component of the
angular momentum operater and  is a constant? (2%)

(i) Simplify the function CR T R combination of cosine and sine
functions, where Ly is the y-component

of the angular mementim operator,
(4%)
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5.

Single-walled  carbon nanotubes can  he approximated by ,
partjcle—on-a-cylindrical-surface model. Suppose the cylinder has length L and
radius a, with the z-axis along the cylinder.

() Write the kinetic energy Hamiltonian of the electron in terms of the length z,

the radius a, and the radial angle ¢ of the cylinder. (4%)

(b} Combining ideas from the particle-in-a-box and 2-p rigid-rotor models, show
that the wavefunction can be written as ¥ = Asin(nzz/L)e™ where A is a

constant. What are the allowed values of the quantum numbers n and 7
(6%)

6. It is convenient to write the integrals that appear in quantum mechanics using the

following Dirac notation; f;é *Apdr =< g 4 lwr > The <d! that appears in this

formula is termeg & “bra”, and the > 15 called a “ket” Note that the complex
conjugation Operation is assumed in writing the bra, If lo> and B> are two basis

5¢1s of a spin System, then these spin states can be expressed as matrices as
follows:

o> = [(]J B> = {?),mg: (1 0),end<p|~ (0 1).

The wavefunction of the System can be given by Jy> = ajor> + biB>, where a and b
are two coefficients. Please answer the following questions:

(a) What are the expressions of (a) <aja>, (b) <Bjo>, {c) <y, (d) <oy, (e)
<Wly=>, and (f) MW><y| in terms of a and b whenever possible? (12%)

(b) What is the valye of Z] s><s! (3%)

s=a j

and its Hamiltonjan has the form:
H(Fermi) = Ase]

nucleus, respectively. Consider a hydrogen atom i its ground state,
{a) What is the expectation valye of H(Fermi) for the four possible coinbinations

of electronic and nuclear spin states (lLe., m, = +21 and my .= :‘rl)?

ta

(4%)
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