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clear
close all

c=2.998e10;%cm/s

hbar=6.582e-16; %in eV*sec
m=5.11e5/¢"2; %in eV/c"2

dx=1e-9; %0.1 Ang, in cm
tx=hbar"2/(2*m*dx"2);

N=700+2; %size of matrix

a=1e-7; %1nm separation between deltas

WELLDEPTH=hbar"2/(m*a*dx);

V=-WELLDEPTH*[zeros(300,1);1; zeros(round(a/dx),1);1; zeros(300,1)];

H=diag(V)+tx*(diag(2*ones(N,1))+diag(-1*ones(N-1,1),1)+diag(-1*ones(N-1,1),-1));

[v.d]=eig(H);
E1=min(diag(d));

x=(1:N)*dx;
plot(x*1e7,conj(v(:,1)).*v(:,1)/dx,[™*;E=" num2str(E1) 'eV;'])

xlabel('distance [nm]');

ylabel("\Psi * \Psi [cm™{-1}])

title(['Approximated DOUBLE delta potential, \alpha="\
num2str(WELLDEPTH*dx*1e7) 'nm*eV, separation a=' num2str(a*1e7) 'nm')

%solve transcendental eqgn via binary search
ka_up=>5;
ka_lo=0;
ka=1;
ii=0;
THRESHDIGITS=7;
do
if (1+exp(-ka)-ka)>0
ka_lo=ka;
elseif (1+exp(-ka)-ka)<0
ka_up=Kka;
end
ka=mean([ka_up ka_lo]);
ii=ii+1;
until abs(1+exp(-ka)-ka)<10*(-THRESHDIGITS)
disp(['found kappa*a=" num2str(ka) ' to ' int2str(THRESHDIGITS) ' digits in '
int2str(ii) ' iterations'))
disp(['compare to calculated kappa*a=' num2str(sqrt(-2*m*E1/hbar’2)*a) )

hold on;

kappa=ka/a;

plot(0:0.1:3, max(abs(v(:,1)))*2/dx*exp(2*kappa*(-3:0.1:0)*1e-7

plot(4:0.1:7, max(abs(v(:,1)))*2/dx*exp(-2*kappa*(0:0.1:3)*1e-7),'r"
plot((3:0.1:4),max(abs(v(:,1)))*2/dx*((exp(-kappa*1e-7*(0:0.1:1))+exp(kappa*ie-
7*(-1:0.1:0)))/(1+exp(-kappa*a))).*2,'r');

),'r;analytic;')
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Approximated DOUBLE delta potential, e=0.076201nm"e, separation a=1nm

i ! E=-0,061945eY =
Be+f i ahalytic
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distance [nm]

4,32433, 7.,05738e+06




Problem 2.24

(a) Let y = cx, so de = %dy. {Ifc <8 6 —en 5 }

Ife<0, y:o0o— —oc.
11> f(y/c)d(y)dy = 1f(0) (c>0); or

/ f(x)d(cx)dr = {
- L12% fy/e)d(y)dy = —L [ F(y/c)d(y)dy = —1£(0) (c < 0).

In either case, /_ " F)d(cx)dz = ﬁ £(0) = /_ h f(x)ﬁ&(x)dz. So §(cx) = |%|6(z). v

(b)

/ f(x) j—odx == fH‘ - / f 0dx (integration by parts)
= —oo

I d—f;dz = 109) = 1)+ 50) = 50) = [ F(@)oa)is

So df/dx = §(x). v [Makes sense: The @ function is constant (so derivative is zero) except at = = 0, where
the derivative is infinite.]

Problem 2.25

—maz/h?
(z) = Y maai/wt _ Vma [ /E, (z 2 0),
h h ema:z:/h . ( )
(r) =0 (odd integrand).
_2ma (B \' _ W 12
| 20,012 4 — 72 —2ma1/h == . -
@)= [ epac=2g [ R e o
ma —maxzx/h? ,
. Tte , (x>0 3 2 .
Z—¢ _ \/7}';10 { _ (\/7,;10) [_O(I)e_maz/h +0(_I)emaz/h ] )
L %emcm:/hz’ ('.E < O)

[_o(x)e—mee/m Yo ) g—maz/W _ 5(_ .y maz/h* | Qg maz/h]
| ~6(x) 75 0(x) (—x) 72 0(-7) |

i
)
( ) [~26(2) + T2t -malel/i].

In the last step I used the fact that §(—z) = 6(x) (Eq. 2.142), f(x)d(z) = f(0)é(x) (Eq. 2.112), and 6(—x) +
6(x) =1 (Eq. 2.143). Since dv/dz is an odd function, (p) = 0.

(p2) = h2/ wd21/) hzv (\/_) /'°° e_ma|z|/r,2 [—26(1:)-{-%@""‘”“/"2] dr

h
_ (ma ma [ —omaz/h? 5| _ o (M2 ma  h? _ (ma\?
(h)[2 2h2/06 d‘]_Q(h)[l_hwma_(h)'
Evidently ,
ma h*  ma
op = ?, 80 0z0p = ‘/_maT = \/_— > _



Problem 2.39

(a) According to Eq. 2.36, the most general solution to the time-dependent Schrédinger equation for the

infinite square well is

00
Ulr )= S o oh ()e—i(n*7?h/2ma®)t
YT, 1) = ) ta¥niT)E .
n=1
2.2 2.2 2
Now nr hT = nm"h 4ma = 272, so C—i(nzwzh/Zmaz)(t+T) = C—i(n27r2h/2ma2)tc—i27rn2
2ma? 2ma? wh ’

an integer, e 2™ = 1. Therefore ¥(z,t+T) = ¥(x,t). QED

, and since n? is

(b) The classical revival time is the time it takes the particle to go down and back: T. = 2a/v, with the

velocity given by

E=%mv2:>v= §=> T.=a 2_m

m E

(c) The two revival times are equal if

4ma? 2m B w2h?2 E,
— a — —_— ——— e S— -
wh E’ 8ma? 4




