
APPENDIX A
THE GENERALIZED WA\E EQUATION

Waves are osei l la t ions in  space and t ime.  The mosf
genera l  na thena t i ca l  desc r ip t i on  o f  t he  sPa t ia l  d i s t r i bu t i on
of  a  wave is  a superposi t ion of  s ine and cos ine funct ions '

V = Acos(r4 + 6sin(xx)

where V,  the "wavefunct ion,  "  represents the wave ampl i tude
aL some point  in  space,  or  in  the ease of  the deBrogl ie  waves
assoc ia ted  w i th  pa r t i c l es ,  t he  amp l i t ude  to  f i nd  the  pa r t i c l e
at  that  po int .  A is  the ampl i tude of  the component  cos ine
wave,  and B is  t ,he ampl i tude of  the component  s ine wave.  k ,
t he  wavenurober  (wh ieh  =  h /A  ) ,  measures  how rap id l y  t he  wave
ose i l l a t es  i n  space ,  i . e .  how  many  comp le te  osc i l l a t i ons  pe r
un i t  d i s t ance . l

= AcosGr )+

We must  add another  faetor  to  our  equat ion to  descr ibe
the  wave ' s  osc i l l a t i on  i n  t ime .

6sin(x.r)

Y = .-Lu* (Ar-t(ro) + $sinG.))

where r - i * t i=  a t i . rne-vary ing funct ion equal  to

1oS

and i  =J: I  r r r (omegfa)  s tand.s for  the angular  f requency,
tha t  i s  how rap id l y  t he  s ine  and  cos ine  func t i ons  a re
changi .ng over  t ime.

By inser t ing the aPpropr ia te var iab les,  A,  B,  ' . . - ' r ,  and k,
and by superposing waves wi th  d i f ferent  parnmeters (see
see t ion  on  Four ie r  ana lys i s  i n  Ch .5 ) ,  we  can  desc r ibe  any
vtave.

(-zt-) + <- sivr(w t)



APPENDIX B
THE SCHRODINGER EQUATION *

We wou ld  l i ke  to  be  ab le  to  desc r ibe  the  behav io r  o f  an
e lec t ron  (o r  any  o the r  pa r t i c l e )  roa themat i ca l l y '  Fo r
example,  we would l ike to  analyze the d is t r ibut ion and
enerE l i es  o f  e lec t rons  a round  a tomic  nuc le i ,  and  we  wou ld  1 i - ke
to  be  ab le  to  desc r i . be  the  f l ow  o f  e lec t rons  th rouE lh
semiconduc to r  dev i ces  .

To do so,  we can combine our  understandinEl  o f  waves and
the quantum nature of  ener€ ly  and momentum. Err+ in Schrodinger
and Werner  Heisenber€!  separate ly  d iseovered mathemat ica l
desc r i p t i ons  o f  quan tum behav io r  i n  1926 .  We  w i l l  de r i ve  t he
Schrod inge r  equa t i on  he re ,  &S  i t  i s  t he  mos t  s t ra igh t fo rward .

To  beg in  ou r  wave  desc r ip t i on  o f  t he  e lec t ron ,  we  bo r row
f rom c l ass i ca l  phys ies :  E  =  p^2 /2m +  V .  Tha t  i s ,  a
pa r t i c l e ' s  t o ta l  ene rgy  equa l s  i t s  k i ne t i c  ene rgy  p l us  i t s
po ten t i a l  ene rgy  ( symbo l i zed  bv  V ) .  I n to  th i s  equa t i on  we
subs t i t u te  the  quan tum re la t i ons  o f  ene rgy  and  momen tum,

f = f'r$ = ftu,r
l ,

P = YA = t\ K wherc. fl = n/zfi

Therefore

4w: {tk '  + V
Zt^l

We proceed by der iv in€ ur  and k^2 tn  terms of  the
genera l  wave  equa t i . on :  - l

P

eo w = ev/dt
4T

^tK^t = -k'Y

2t(H
Final ly ,  rou l t ip ly ing both s id .es of  the equat ion by l '  ana

by  i / i  g i ves

i,^

-i".t V

5o K'e = %'-v
energy equat ion,

-ne (a'zw\ + vza \z/

e%,t =

theSubstitut inel into

^%* = -* (^N..) +
* aloyt*l fi'ca 6n Ax{r htF (O-r.f.t Fry*r (..rs)

VV



1 n
t o

Th is  i s  t he  Sehrod inge r  equa t i on .  As  we  w i l l  i l l us t ra te
the  nex t  sec t i on ,  i t  a I l ows  us  to  ca l cu la te  the  amp l i t ude
f ind an e lect ron at  any point  in  t ime and space.

APPENDIX C
QUANTIZED ENERGY STATES OF ATOMS }

We w i l l  cons ide r  t he  case  o f  an  e lee t ron  t rapped  in  a
"po ten t i a l  we l1 ,  "  and ,  f o r  pu rposes  o f  i ] l u s t r a t i on ,  wa  w i l 1
assume the  we l  l  j - s  i n f  i n i t e l y  deep .  I n  a  rea l  a tom,  the
e lec t ron  i s  con f i . ned  to  the  po ten t i a l  we l l  o f  t he  pos i t i ve l y
eharged nucleus,  a t t raeted by the protons,  and in  a rea l  a tom
the  e lec t rons  ean  be  s t r i pped  away  f rom the  nue leus .  Fo r
s imp l i c i t y ,  t oo ,  we  w i l l  on l y  cons ide r  t he  one -d imens iona l
c a s e :  t h a t  i s ,  w e  w i l l  i m a g i n e  t h e  e l e e t r o n  i s  a  \ d a v e
c o n f i n e d  L o  a  s t r i n E l  o f  s o m e  l e n g t h ,  L .

7ot.nl'al

B y  t h e  S c h r o d i n g e r

iA ^%.* =
e q u a t  i  o n ,
-44 /AzPz \.a ( 4*) +vv

But 
p= 

"- i 'urt f  
Aotthx)+ gs;rt1xD

: o-47a)t bcos(*) 
+ 1tq(*1]

And, ̂%t = -?")Lv

So the Schrodinger  equat ion becomes

i^C y") e v = L? = - # (^'No) + v p

* a&tlt t fi4 6.^19-^4 , ygllsi ?lyscs c"na)



I f ,  a s  w e  a s s u m e ,  t h e  e l e c t r o n  i s
V = 0 .  S oEv= -x(x,)

So lv ing  th i s  equa t i on  fo r  P  w i l l
d i s t r i bu t i on  i n  t he  we l  l  and  a l1o r+  us

To  s imp l i f y  t he  a l geb ra ,  1e t  A r

c o n f i n e d ,  \ { € can set

t e I l  us  t he
to evaluate

= z^ 7rn'

wave
i ts  ener€ ly .

so d\ ' l l
4.x2 = -kzP

Th is  l ooks  fam i l i a r :  we  have  the  seeond  de r i va t i ve  o f  a
fune t i . on ,  lA ,  equa l  t o  some cons tan t  t imes  the  func t i . on
i t se l f .  An  obv ious  so lu t i on  i s

V&\ = Ac"s(xr) + 6:in(xx).  y.r/

I f  t he  e lec t ron  i s  con f i . ned ,  P  mus t  =  O  a t  x  =  O  ( the
IefL end of  the s t r i .nEl )  and at  x  -  L  ( t l re  r ight  end of  the
s t r i ng ) .  The re fo re ,  f  can  have  no  cos ine  componen t
( cos (O)  =  1 ) ,  and  A  mus t  =  0 .  V  t hen  on l y  has  s i ne
componen ts ,  and  ou r  so lu t i on  reduces  to

P(t) = 6 s:n(x")

Th i s  equa t i on  sa t i s f i es  ou r
s i n (O)=Q.  I f  V  =Oa tx=L ,
and,  therefore,  k  = nTt /L,  where n
t rue  because  s in (n t )  a lways  =  0 ,
returns to  0 at  mul t ip les of  i l .

cond i t i on  f o r  x  =  0 ,  s i nce
we must have that kL = n'il

=  any  i n teE le r .  Th i s  i s
s i nce  t he  s i ne  f une f i on



T h e  e l e c t r o n  w a v e ,  t h e n ,
h a r m o n i e  s t a t e s :

pto,diuJ

We can
fo r  E :

E- W,)

can  ex i s t  on lY  i n  ce r ta in

-..*..-

fu^e clcclr'o,t t,u,al'rrat thqt ^^7

in polc.*iel wdl o$ wi4'h L
clcclt'o,rf thqt

show that  i ts  enetgy must  be quant ized '  Solv ing

- hz f A' 6s;'. (^V.) rl
eb'\ L o(xe )

= * t*'P'ct
it na (11

2w.Aa

s ince  n  i s  an  i n tege r ,  t he  e lec t ron  can  ex i s t  on l y  i n

ce r ta in  d i sc re te  ene rgy  s ta tes :  t he  ene r€ l y  i s  quan t i zed '


