Theoretical Physics Exam 2 March 24, 2020
Prof. Ruiz, UNCA Closed Book/Notes but Calculator is Permitted

1. Engine. Use PV =nRT, BV, =nRT;, and take the number of moles to be such that

joul
nR=1 I _es =1 2 . Take the temperature T, = 300K .
kelvins K
P
A a. Show that Ta =900K .
b
3P, 3 b. Show that T, = 900K
c. Show that T, = 2700K
2P d. Show that AQa_m =-12001
e. Show that AQb_>C =4500J
- a f. Show that AQC_)a =-2700J
; y W
' > . Calculate "/ —
0 Vo 2V, 3V, g el Q.

2. Stat Mechanics. The energy levels are 0, g, 2¢, 3¢, 4¢, 5¢, ..., with € = KT. Use the identity

1
S=1+r+r’+r¥+rt..=—

1—r where r < 1, to show that the partition function

E

n

Z = Z e_kT . . . S
is 1.58. Find the occupation probability in each of these levels: 0, g, 2¢, 3¢, 4e.
n=0

3. Quantum Mechanics. The time independent Schrddinger equation in one dimension can be
h? d? 1 5.,
written as Hy = Ew where H = _%W+V(X)' Let V(X) = Ema) X" . Then consider

S
2

1
special units where ' =M = ® =1 Show that w(x) = [ € " isan eigenfunction, i.e.,

Hy = Ey | and find the eigenvalue E.

4. Eigenvectors and Eigenvalues. Find the normalized eigenvectors and eigenvalues for the

1 2 rC1—| * *
matrix operator A= 3 ol A vector LC J is normalized if C,C; +C,C, = 1.
2



Theoretical Physics, Doc Ruiz Exam 2 - Solutions March 24, 2020

1. Engine. Ideal gas with number of moles so that PV =T . Also, BV, =T, =300K..

P
A . . a. Ata, PV, =T, = P,(3V,) = 3T, = 900K .
o b. Atb, PV, =T, = (3P, )V, = 3T, = 900K .
2P, c. Atc, PV, =T, =(3R,)(3V,) =9T, = 2700K .
d. AU, =0, AQ, =AW, =—-4PV, =-1200J,
P 2 using Trapezoid Area: (average height 2P)(base of 2Vy).
0 v " =V e AU, = gnRATbC = gATbc = gGTO =9-300=2700J

AW,, =3P, 2V, = 6P\, = 6T, =1800 J and AQ,, = AU, +AW,_ = 2700+1800 = 4500 J

3 3 3
f. AW,, =0 s0 AQ,, = AU, = ~AT,, = (T, -T,) = —(900-2700) = -2700 J

n _Wnet _Wenclosed area (ZP )(2\/ )/2 2TO 600 6 2
77 q, Q, Q. 4500 4500 45 15
2. Stat Mech. The energy levels are 0, €, 2¢, 3¢, 4¢, 5¢, ..., with e = kT. Let I = e‘l

E
Z - 1 1 e
Z=Ye T =e"+e +e +e  =l+r+ri4ri4.= = - = =1.58
p—r l1-r 1-e° e-1
0 -1 -2 -3 -4
Do &1 _oe3 o€ 023 M_® g9 _® _go3 M_® _gp
N Z 158 N 1.58 N 1.58 N 1.58 N 1.58
3. Mech. H Ld L. d ¥ (x) _2 how Hy =E dE.
t =—Z—+= =——e ’ s Fi
Quantum Mec Sl 2% an J; ow Hy = Ey . Fin
2

1d% [ 1d° 1e—§_1d 1 5[ 11 Gl 1% -

2 2.dx? |r “r 2| Jz 2| Jx

1 1 1. 1d%w 1 , 1
_E 2 _EW_E v, _E > +EX 4 ZEW . Eigenfunction ¥ , eigenvalue E

1 2 1-2 2 ,

4. Eigenvectors and Eigenvalues. A= 3 ol det 3 g =0, A°-1-6=0

(A —-3)(1+2) =0 gives eigenvalues 3 and -2.

1 2][¢c, ] 4G b 3 L N

'3 0]|c, c, gives C, +2C, =3C;, C, =C,, normalized eigenvector NAEL
+ = — = —— —

_3 0 _Cz_ LCZJ gives C; 2 1y V2 2 1 leading to \/]3 3l




