Solution to Problem Set 5
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E. A.

k=410 =4 (V,¢)* (U
*¥28%1073
mmy _ 1E3STI07 61410 kg

m, +m, 36%6.023*10%
Ok =4%7m *(2990.9463*10% *3*10°)*> *1.614*10™ =513N/m

1 1
E.,=(v+)hu —(v+=)hu x
vib ( 2) e ( 2) eVe

v=0;
E
== lUe —luexe = l* 2990.9463 —l* 52.8186 =1482.27cm™
he 2 4
=>E = 6.626*107* *3*10° ¥1482.27*10% =2.947*107°J =0.184eV

E
23y 220 =2+42990.9463 —%* 52.8186 = 4367.58cm™

he 2 4
= E, =6.626* 10734 *3%10® *4367.58*10> =8.682*107J =0.543¢V

*10734 *23%10°8
A = te o 666TI0EITI0 g0 2 3460 66mm
E,—E, (0.543-0.184)*1.6%10

v=0;

lkxzzlhujx: h_U: hC_U
2 2 V&V &

x103% £2%x1NS * %1072
x:\/6.626 10 3 ls(i3 2990.9463*10 £10° = 0.01 Lnm

k= 4% *(877.16%10° *3*10°%)* *1.614*10 =44.12N /m

E
0 = lue—luexe = Lug77.16 -1 %16.04 = 434.57cm™
2°° 4 2 4

= E, =8.638*107*'J =0.054eV

E; = 1279.65cm™ =2.544*%102° ) = 0.159 eV

*10734 %*3%x108
A = te o 6626710 FITI0 g0 1830 140m
E,—E, (0.159-0.054)*1.6*10




4. A.

*10° =0.0199nm

L= \/6.626*10_34 #3%10° *877.16*10°
44.12

m m
x, =R-—Ltr=x, =R-—Lr
M M
m
X, =R—-——Fr=x, =R-—r

1 : 1 :
T= Ema (xa)2 +5mb (xb)2

Yiy)=e * ;

d’ -
0w =e > (* +1)
dx
Applying this to the Schrodinger equation, we get

pd Y

e ? (0'2,3 + 1):> e 2 =0 for large y.
Thus, Y(y) is an approximate solution of the Schrodinger equation.
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Problems from Levine :

4.11.
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4.25. a.

1 1 1)’ 1 1Y
Ulight = Z{(VZ +Ejhue _(VZ +§j hUexe _(vl +Ejhue +(vl +Ej hUexe:|
= [(v2 -V )Ue —(v22 —vl2 +v, —v, )Uexe]

For v, =v, +1,

Ulight = Ue - ((Vl + 1)2 - V12 + (vl + 1) - vl )Uexe = Ue - 2Uexe (vl + 1)



b. For0 - vy,

4.26.a.

4.27 a.

Upge = = o, =03 =92 +v, = ) = 0,0, =5 (3 +0,))
=U.v, (1 X, (Vz + 1))

77 Evib Ue 1 Uexe 1 ’
Tz =Zelyp— | =Tty —
hc c 2 c 2

v, 20,x,

2885.98 = —< (1)
C C
20 6v

5667.98 = 2 - OYeXe )

C C
From (1) and (2), we get
2V%e _103.98 = YeFe = 51 99¢m™
C C

Therefore, Ye - 2885.98 +(2*51.99) = 2989.96¢m ™
c

3u, 120,x,

77 —_— e

U0~3 -
c c

= (3%2989.96) — (12*51.99) = 8346¢m ™

T=298K; U =1359cm™ ; kT =1.381*%107 *298 =4.11538*107' J ;
Ei—Eo= hcU =6.626%107* *3*10° #1359 *10> =2.7*10™°J

* =20
Dﬂzexp __ 27710 = =1.41*10""
N, 4.11538*10

For T=473K;; kT=1.381*107 * 473 =6.53213*10°' J ;
_27*107
6.53213*107"

O My = exp =0.01599
NO
U =381cm’1;
E,—Eo= hcU =6.626*107* *3*10® *381*10° =7.573518*107*'J
T=298K:

* -21
AN (_ 7.573518* 10® ]:0_1588
; 4.11538*10
T=473K;
* -21
AN (_ 7.573518* L0 ]:0_3137
0 6.53213%10



