2. A.

Solution to Problem Set 3

L=5nmtm,;
h2

- g [nf +nZ + nzz]

h* (6.626*107%)?
8mL*> 8*9.1*107* * (5*107°)?
E,, =24123* 102 *3=7.24*10"J
Degenearcy = 1

=2.4123*107%

E,, =E, =E,, =24123*10%*6=1.45*10"J
Degeneracy = 3

E,, = Ey, = B, =24123* 10%*9=217*10%J
Degenearcy = 3

E,s = B, = B, =24123*10%*11=2.65*10"J
Degeneracy = 3
E=E2—El:>/l -_fe
A E,-E
_ 6.626* 107 * 3% 10°
' 145%107° - 7.24*1072

= 27380.2nm

6.626* 107 * 3*10°

- =13746.9nm
2 217*107° -7.24*107%

6.626*107* * 3*10°

= =10320.9nm
P 265%10° -7.24*1072

L=1cm;
4.143*107%

=208.42cm™ :
hc* 100

kT =1.381* 102 K1 * 300K = 4.143*10% J=

m = 32*1.66*10%' = 5.313*10%° kg ;

2
E = h—2 =1.033*10®J =5.2*10%cm™;
8mL

3 3
: :
No. of stateswith energy <kT = 77| KL |* =77 20842 12 _) o509
6\E ) 6\52*10



C. A

1 1

2 2
Density of stat&eamE:kT:%T _kT3 -7 (ZL42)3

2 | A (5 ox102
E; (5.2%107%%)
= 9.57*10% states per cm™

L=50pum;
KT =1.381*102 K1 * 107 K
* -
=1.381*10%* J= 1381710-30 _ 6.947*10%cm™ ;
hc*100
m=87*1.66*10%" = 1.44*10% kg ;
2
E, = h - =152*10"J3 =7.67*10"cm™;
8mL
3 3
2 *108 \2
No. of stateswith energy < kT = 77| KL |* = 77| 6947710 115 _ j caupe
6| E 6| 7.67*10
1 1
KT2 | _ 77| (6.947%10°)2

DensityofstatesatE:kT:E 5 3
4

4 -12\ 2
E? (7.67%1072)2
= 9.75*10" states per cm™

Problems from Levine :

25a ¢,(x) = \/lzsin[%j

4
Probability in the left quarter of the box = Iw,f(x)dx
0

R e R et

0

This probability is maximum for sin[%-[j =-land 2'— IS maximum(or nis
nrt

minimum). i.e.whenn=3
| 1
o 4
Part c. illustrates the Bohr correspondence principle.

For n - oo, the probability = %—



2.7 a

2.12.

L=2A%n=1;

The no. of times the electron will be found between 0.6A° and 0.601A°

= N (x)dx =10 2sm > dx =10"*din — *(0.601-0.6) = 654.5
n=1:

*
126 = sjnz[”—mj* (0.701-07)*N=N=—— 20 15871164
0.7939* 10
*
NI = N *sinz[%lj* (1.001-1) =158.71

L=1A°;
Separation between 2 lowest energy levels=E; —E;
2 *10-3%)2
— h ( 2 _ 2): (662? 10 ) - * (22 _12) :181* 10—17J :1131ev
gmL2 ' ® M 8r9.1*107 * (1¥107)?

hc _ 6.626*107* * 3*10°

/] = =17
E, - E, 1.81*10

=10.98nm

Thiswavelength is in the ultraviolet region of the electromagnetic spectrum.

Origin at the center of the box :
P = A sin(kx) + Bcos(kx)

I\
W(‘E) =0

1
= —Asin[ﬂj + Bco{ﬂj =0
2 2

I _
I//(E)—O

(2)
= Asin[ﬂj + Bco{ﬂj -0
2 2
From (1) and (2), we get :
2
Therefore, if A =0 = = Bcos(kx)
Also, Bco{ﬂj =0=> K _(@n-Dm

So, k :nl_n and ¢ = Bco{nl—mjfor odd n



3.3L

Normalizing the wavefunction, we get

2
r, B = (2/)*?
Therefore, ¢, = fco{nmj odd n
2Bco {klj 0
2
Therefore, if B=0 = ¢ = Asin(kx)

Also, Asm[klj Ojﬁznﬂ
2 2

So, k :nl_n and ¢ = Asin[#jfor even n

Normalizing the wavefunction, we get
|

2 n7x
A Isn[ I j 1
Or,A:(ZI)”Z

Therefore, ¢, —\/?sn[nl—mj evenn

k2h2 nzh2
2m  8ml?2

T i
O e S b

04 2 n 3
Probability = 8 sinz[M]desin2 7Y yjsinz[gjdz
abc ¢ a ) ;. b A c

E

n

ﬁ
%2.
-F

*zi = *X_L.Z_ﬂyz*z_i_z_ﬂya
08 {2 4ng(a)1 {2 aro b)L {2 s )}

0.8* 0.153226* 0.0908451* 0.967745
=0.01078



}1 jan("22

Assuming0<y<2and0<z<5, probability in the x coordinate between 0 and
0.4 nm=0.306451 .

Probability = —Isn [ dxjsm (

= 0.306451



