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ssure, the
929 g {Lﬁm”‘, and 1

and asswming that air c>bt:§fs

1. For dry air at [.0000 atm pre
1.5826 g dm™, 1.2

e densities at —-50°C, 0°C, and C

ctively. From these data,

are

03 > dm’™, respe

(»2

Charles’s law, defermine a value for the absolute zero

of temperature in degrees Celsius, (10%)

2. Consider a system consisting of 3.0 mol COy{g), initiali

100.0

at 35°C and 9.0 aim and
The

5 atm until the piston has

confined to a cylinder of cross-section om’, sample is allowead to

expand adiabatically against an external pressure of 2
moved cutwards through 25 cm. Assume that carbon dioxide may be considered a

288 JK! Y AU (d) AT,

perfect gas with Cp =
(e) AS. (20%)

mol” , and caleulate (a) ¢, (b) w, (¢}

3. The ﬁna:ga;i%ii";ri{zm constant of a reaction is found fo fit the expression In K =4 + BT
+ (/T between 400 K and 600 K with 4 = -1, 76, 8=-1368 K, and C= 1.1 x 10°

K?. Calculate the standard reaction enthalpy and standard reaction entropy at 500
K. (20%)

4. (a) If A is an operator, then the

< i
2. (=)
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Pl 3

exponential operator e” is defined as a power series:

- H the efgenfunction f{x) of the operator A with an sigenvalue a,

walue of &
(2%}

rator function f(3) = ™ Be ™ where A and B are two operators

what 15 the eiger * when the exponential operator e operates on f{x).

Show your answer?
(b) Define

an ope

and & is a parameter, Show that (i) fi{

and (i)

, where both A and H are operators, { =

,andt

~ represents time, then answer the following questions:

: L il ; 9

{1} Simplify the expression giet L, e “ where L, is the z-component of the
anguiar momentum operator and © is a constant?  {2%)

(i) §
itzzicimns,
{4%)

s ~ - -italat iwlat 3 : £ N
olify the funetion e v e as a combination of cosine and sine

where L, is the y-component of the angular

momenium operator.
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Single-walled  carbon  nanotubes can  be approximated

particle-on-a-cylindrical-surface model, § uppose the cylinder has leng

radius @, with the z-axis along the cylinder.

(a) Write the kinetic energy Hamiltonian of the electron in terms of the
the radius g, and the radial angle ¢ of the ¢ viinder, {4%)

W1

. . < e 5 imd
that the wavefunction can be written as o= Asin(nnz/Lle

Combining ideas from the particle-in-a-box and 2-D rigid-rotor models, st

. where A is a

onstant. What are the allowed values of the quantum numbers n and m?

{1 6 Gf;“o}

(c) Write the energy expression in terms of m, i, L, 4, and fundamental constants.

iy

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

following Dirac notation: Apdr =< g1 4]
[

formula is termed a “bra”, and the hy> is c:

conjugation operation is assumed in writing {

> and 8?«? are two basis

sets of a spin system, then these spin states can be expressed as matrices as

follows:
IR ’ﬂ\
[ , v {
fa>= 1 s | <ol = ] ) and <
o) i1 : ’
Iy i

The wavefunction of the system can be given by hy>

are two coefficients. Please answer the following guestions:

£

(a) What are the expressions of (a) <gje>, (by <P, (¢} <yl (d) <opy>

<wiy, and () ly><w!in terms of 2 and b whenever possible? {(12%)

(b) Whatis the value of 3 ls><s|  (3%)

smg 3

The Fermi contact interaction is a coupling between the nuclear and el
and its Hamiltonian has the form
H(Fermi) = 4se]

where A4 is a constant and s and 1 are the

nucleus, respectively. Consider a h ydrogen atom in its ground state,

-alor> 4 b, where a

the electrons and

(a) What is the expectation value of H(Fermi J for the four possible combinations

of electronic and nuclear spin states {te, m, =

“ %)

(b If the constant 4 in this case is 946571 x 10 joule, what re

and My =

waveieng%h is associated with EPR transitions {wherein the s%e{:iwﬂ Spm

b g

changes quantum numbers while the nuclear spin is unchanged)? (4%)

1

lighte=3x

{note: Planck constant & = 6.626 x 10 rm;icn and speed of






