SRBEXS 4499 RERALEH RO #_2.

ﬂs:%wzsggzow &&mﬁa:mﬂ P Y L

1. Consider a cell of Iength b coﬁtain'ing an absorbing substance with concentration ¢ and a beam of light with

harmonic oscillator-rigid rotor approximation applies, The vibrational energy is hve(v+1/2), where v is the
vibrational quantum number, The rotational energy is keBeJ(J+1) and the energy lev:l is (2J+1)-fold
degenerate, where J is the rotational quantum number, For HCl, ve=2990.9 ¢m and B.=10.593 ¢m™. The

Boitzmann distribution ig given
population of level | o £ -ex £
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where g; and E, are the degeneracy and the level eﬁergy of [evel i, respectively.

Estimate the temperature T. (§%)

(b) Find the wavelength (in nm) of the first line in the P branch (AJ = -1} of the first overtone vibrational

band. (8%)
(h=6.626x10% J 5; | ¢~ 2.99x10? ms™; ky= 1.3807x10% J K
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What is the rate law expression for this mechanjsm (d[P)/dt=2)7 (14%)

4. If a dilute monatomic gas with a mass of m is in & box with a volume of ¥, the interna] energy U and the

translational partition function (#) can be expressed as
—_dng _ o dg _1 _[ 2mmk,T}"?
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Now consider an ideal monatomic gas confined to move on a surface.

(a) What is the contribution to the internal energy from translations? (6%)
(b) What is the expected contribution from the equipartition theorem? (4%)
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5. The wavefunction of an electron in a one-dimensiorial infinite square well of width a, x¢ (0.a), at time
¢=0 is given by ¥(x,0)= \f3/7y, (x)+ 4Ty, (x), where ¥ (x) and y, (x) are the ground state and the
first excited stationary state of the system for £=0. (y (x)= N sin(nrx/a), E, = e’ /(2ma®))

(8) Write down the wavefunction ¥(x,1) at time in terms of , (x) and y, (x). (5%)
(b} Calculate the normalization constant N. (5%) .

(¢) Calculate the expectation value of the energy (E) in the state W(x,7) above, (5%)
(d) Write down the stationary states for n= 1,2 explicitly. (5%)

6. (a) Two vessels contain two identical ideal gases at the same temperature T and with equal numbers of
particles N but at different pressures Py and P;. The vessels are then connected. Find the change in ent'ropy.r

(10%)

(b) Two identical ideal gases at the same pressure P and containing the same number of particles N but at
different temperatures T) and T are in vessels with volumes Vy and V. The vessels are then connected,
Find the change in entropy. (10%)

7. A thermal system is constrained to constant mole number and volume, so that no work can be done on or by .
the system. The heat capacity of the system is C', constant. The fundamental equation of the system, for’
constant volume, is §=5, +Cin (U/Uo), 80 U=CT. § and U are ehlropy and energy, respectively,
Consider a thermodynamic systém that consists of two such thermal systems. The two systems, with equal
heat capacities, have initial temperatures 7, and T, with T, <T,. What is the maximum total work that can

~ be delivered from the two thermal systems? (10%) '
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