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We are dealing with a wavefunction given by

¥(x) = Cre=** (1)

where C and a are constants which are to be determined. The Schrédinger
equation for a harmonic oscillator in one dimension is
. -

) + ™ () = By (a) &)
Calculation
a) In order to find constant a and energy E, we need to plug the second
derivative of the wavefunction given by Eq. (1), so we calculate the second
derivative of the wavefunction ¢:(x):

©'(x) = 2Ca(202® — 3x) (3)
By substituing Eq. (3), into Eq. (2), we get
—n 3 —az? mu? 3, —az? —az?
200 (200" = 32)e™ + TCate o = ECae )
Now we can get 1id of the exponential term and we obtain
i ?
2az® - 3z) + oo = E 5
Y v )

By compairing coefficients that stand next to degrees of the polynomial on
the left and right side of the equation, we get the following:

3n’a
e t-E (©)
—20i2 | mu?
3
e 7 =0 (1)
Now we can solve Eq. (7) for a
2
=T (8)

We will take the positive root of alpha because we want to have positive
energy
mw

a=2 (©)
Formula for energy E is obtained by plugging a into Eq. (6)

(10)
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b) Constant C' is obtained from the condition that the wavefunction ¢:(x) is
normalized, that is

- -
[t —iep [ e

)

Function under the integral is even, so we can rewrite Eq. (1) as following

e )
pileld / P2 2)
o

We've changed the integral limits and multiplied the expression by a factor
of 2. Now we can use a well-known result

4o . 1
[Tera—g
fo

I 3)

By applying this result to our integral given in Eq. (12), we get constat C

- “)

Finally, we subsitute o = %% and get

[oP =

()
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As we know :

W(2,0) = Cls(a) + ¥aa)]
a.) We have to show that the value of C' =

Normalization :
/ |0 2dx

~ [T i il = wijis

e U \W|\7d1'+/ \‘Pz\’dr+/\b;\b|dr+/w;\bzdx]

5 normalizes this wave.

/whdx, L/ sin ):in(zzr) dr
37
o () (5]

=C(1+0+0+0)=2¢*
1

c

b.) From stationary states :

W(z,t) = Ol e Bt L gye—ibat/h) (Equation 1.)
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c.) We have to substitute value of [E]

"

B =c [m( E‘)q,,,—-zu/h . ,,.(

[E10 = C [Buwie B0 1 Bywge 2201

(E):/w'[g]m

(E):Lﬂ/[w;cwzn/h ] [ By B By
(E)y=c? [E,/ \W|\7d:+E7/ \W,Fdx]

1
E)= 3 [B [t s £, [ o]

_E+B
=T 9
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By applying the boundary conditions that the solution must vanish at both

ends,
( L
w(r=—

the solution takes the form:

w..(:):{

for
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- question I tantamount to re-analyse the same physical system in @
hifted coordinates. & 2 —%. The normalization and energiesshall remain
unchanged under the shift of coordinate system  — r — 4. Both of these
auantities depends only on the width of the well but not on the coordinate
system used. We get for —4 <z < &

Wi(a) = %) cob( )i Pl = 4% (%)
) sin (2”) Pyz) = ﬂm (2%)
o (52): i 2 (52)

e~

waio) =

S

Ws(r) = (
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Glven values:
A= 6943 nm

In a box, an electron is allowed to have the following energies :

En= g
Sl
The transition energy is related to the emitted photon wavelength by :

he

Sme
Now, we can find the length of the box from :

(Multiply by L2

(Multiply by A,

(Divide both sides by he.

[3-(1.24 x 10%) - (694..
5 (BI1x 109

T — 0705 nm

(Put values in equation.
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Glven values:

me = 0.1 x 10-31 kg,
1072 m
c=3x10°m/s
h=663x107% .5
Ey = 0.511 MeV

First, from the de Broglie wavelength, we get:

(Multiply both sides by 2.)

(Divide both sides by n.)

(Momentum of particle.)

(Put value of A in equation.

Now, we have to find the expression for the energy of particle in n state:

E? = p%? + mict (Relativistic energy momenturn. )
2
E?= (%) 24 mict (Put value of p in equation.)
22
E=,|2 (% + m7c7) (Simplify.)

T
E=c /Lﬂ: +m2c?
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b.) We have to find the lowest kinetic energy corresponds to the ground
state i.e n

(Ground state, n = 1)

BB 7
E=(3x 10‘)\/W + (9.1 % 10-31)2 x (3 x 1082
(Put values in equation.)

E=1280x10""J

12.80x 10-1 ]
Gx10-97/eV

E = 805625 eV ~ 0.805625 MeV

E (Convert units.)

Finally, we have to find value of the lowest kinetic energy:

K=E-E
K = 0.805625 MeV — 0511 MeV (Put value in equation.)
K = 0.204625 MeV





