
2.6  

     (a)  
9

34

10550

10625.6











h
p  

                     2710205.1  kg-m/s 

            3

31

27

1032.1
1011.9

102045.1











m

p
 m/s 

       or  51032.1  cm/s 

     (b)   
9

34

10440

10625.6











h
p  

                2710506.1  kg-m/s 

             3

31

27

1065.1
1011.9

105057.1











m

p
 m/s 

        or  51065.1  cm/s 

     (c) Yes 

_______________________________________ 

2.9 

        
p

pp

hc
hE


   

     Now 

        
m

p
E e

e
2

2

  and  

2

2

1















e

e

e

e

h

m
E

h
p


 

     Set ep EE   and  ep  10  

     Then 

        

22

10

2

1

2

1






























pep

h

m

h

m

hc


 

     which yields 

        
mc

h
p

2

100
  

        
100

2
2

100

2mc
mc

h

hchc
EE

p

p 


 

               
  

100

1031011.92
2831 




 

               151064.1  J 25.10 keV 

_______________________________________ 

 

 

2.10 

(a) 
10

34

1085

10625.6











h
p  

           
2610794.7   kg-m/s 

        4

31

26

1056.8
1011.9

10794.7











m

p
 m/s 

or     61056.8  cm/s 

         24312 1056.81011.9
2

1

2

1
 mE  

           211033.3  J 

or    2

19

21

1008.2
106.1

10334.3 









E eV 

(b)   2331 1081011.9
2

1
 E  

           2310915.2  J 

or    4

19

23

1082.1
106.1

10915.2 









E eV 

         331 1081011.9  mp  

           2710288.7  kg-m/s 

        8

27

35

1009.9
10288.7

10625.6 











p

h
 m 

or     
o

A909  

_______________________________________ 

2.12 

    
6

34

10

10054.1







x

p


 

          2810054.1  kg-m/s 

_______________________________________ 

2.23 

(a)    tkxjAetx  ,  

(b)    219

2

1
106.1025.0 mE  

 

                                       2311011.9
2

1
  

    so  41037.9  m/s 61037.9  cm/s 

For electron traveling in x direction, 

         61037.9  cm/s 

        431 1037.91011.9  mp  

                   2610537.8  kg-m/s 

      9

26

34

1076.7
10537.8

10625.6 











p

h
 m 

      8

9
10097.8

1076.7

22












k m 1  

        48 1037.910097.8   k  

or  1310586.7  rad/s 

_______________________________________ 

 

 

2.25 

        
 

  21031

22342

2

222

10751011.92

10054.1

2 








 n

ma

n
En


 

         212 100698.1  nEn J 

     or 



          
 

19

212

106.1

100698.1








n

En  

     or   32 10686.6  nEn eV 

     Then 

           3

1 1069.6 E eV 

           2

2 1067.2 E eV 

           2

3 1002.6 E eV 

_______________________________________ 

2.26 

(a) 
 

  21031

22342

2

222

10101011.92

10054.1

2 








 n

ma

n
En



       202 10018.6  n J 

or     
 

 3761.0
106.1

10018.6 2

19

202

n
n

En 









eV 

Then 

          376.01 E eV 

          504.12 E eV 

          385.33 E eV 

(b) 
E

hc


  

        19106.1504.1385.3 E  

            191001.3  J 

 

 

 

         
  

19

834

1001.3

10310625.6







  

             710604.6  m 

or      4.660 nm 

_______________________________________ 

2.29 

     Schrodinger's time-independent wave  

     equation 

        
 

     0
2

22

2





xxVE

m

x

x





 

     We know that 

          0x  for 
2

a
x   and 

2

a
x


  

     We have 

          0xV  for 
22

a
x

a 



 

 

 

     so in this region 

        
 

  0
2

22

2





x

mE

x

x





 

     The solution is of the form 

          kxBkxAx sincos   

     where 

        
2

2



mE
k   

     Boundary conditions: 

          0x  at 
2

,
2

a
x

a
x





  

     First mode solution: 

          xkAx 111 cos  

     where 

        
2

22

11
2ma

E
a

k


  

     Second mode solution: 

          xkBx 222 sin  

     where 

        
2

22

22
2

42

ma
E

a
k


  

     Third mode solution: 

          xkAx 333 cos  

     where 

        
2

22

33
2

93

ma
E

a
k


  

     Fourth mode solution: 

          xkBx 444 sin  

     where 

        
2

22

44
2

164

ma
E

a
k


  

_______________________________________ 

2.33 

(a) For region II, 0x  

        
 

    0
2

222

2

2





xVE

m

x

x
O 




 

  General form of the solution is 

             xjkBxjkAx 22222 expexp   

  where 

         OVE
m

k 
22

2


 

  Term with 2B  represents incident wave and  

term with 2A  represents reflected wave. 

  Region I, 0x  

        
 

  0
2

122

1

2





x

mE

x

x





 

  General form of the solution is 

             xjkBxjkAx 11111 expexp   

  where 

        
21

2



mE
k   



  Term involving 1B  represents the 

transmitted wave and the term involving 1A  

represents reflected wave:  but if a particle is 

transmitted into region I, it will not be 

reflected so that 01 A . 

  Then 

           xjkBx 111 exp   

             xjkBxjkAx 22222 expexp   

(b) 

  Boundary conditions: 

(1)    00 21  xx   

(2) 
0

2

0

1

 








xx xx


 

      Applying the boundary conditions to the 

solutions, we find 

        221 BAB   

        112222 BkBkAk   

 

 

      Combining these two equations, we find 

          2

12

12

2 B
kk

kk
A 














  

           2

12

2

1

2
B

kk

k
B 












  

       The reflection coefficient is 

            

2

12

12

*

22

*

22

















kk

kk

BB

AA
R  

       The transmission coefficient is 

             
 2

21

214
1

kk

kk
TRT


  

_______________________________________ 

 

 

 

 

 

 

 

Question 3 

 

 

 

a) 𝐸𝑛 =
ℏ2𝑛2𝜋2

2𝑚𝑎2      𝑛 = 1,2,3 𝑓𝑜𝑟 𝑡ℎ𝑒 3 𝑙𝑜𝑤𝑒𝑠𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 𝑙𝑒𝑣𝑒𝑙𝑠  

 

b) E1=1/2 m v1
2     (m is free electron rest mass) 

 

c) The wave function is 

𝜓(𝑥) = √
2

𝑎
sin(

𝑛𝜋𝑥

𝑎
)  Where a=3Å 

 

 

 
 



 
 

< 𝑝 >=
∫ 𝜓∗𝑝 𝜓𝑑𝑥

∫ 𝜓𝜓∗𝑑𝑥
 Where 𝑝̂ =  

ℏ

𝑗

𝜕

𝜕𝑥
 

 

 

 

           

               
            
 


