Tutorial 7 Solutions
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1. * For a particle in a 1-D box of side L, show that the probability of finding the particle
between x = a and = = a + b approaches the classical value b/L, if the energy of the
puadi ot

particle is very high.
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5. * Consider a one-dimensional particle which is confined within the region 0 < z < a and (_'\EW\) '\ R 2 Pw,
whose wave function is ¥(z,t) = sin(7z/a) exp(fﬁl‘,)._j ‘S:\_d\’eﬂqfk’a ctde UU\H‘ < '\U'L-%"Z) P >4
(a) Find the potential V (z). < - e
(b) Calculate the probability of finding the particle in the interval a/4 < z < 3a/4. \" -
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8. * Consider a particle of mass m in an infinite potential well extending from z = 0 to ")
x = L. Wave function of the particle is given by el ~ /
I 2 .S-\_JQ W e\ w=T ©
T 2rx — ! nh ‘
V(z)=A [sin (%) + sin <%)] 3‘\/‘ " hees ( —
where A is the normalization constant ? o
\sl- g‘\'c.-}c ?O.B

(a) Calculate A L

(b) Calculate the expectation values of z and z? and hence the uncertainty Ax. ' CNY C; we ©
N (=8

(c) Calculate the expectation values of p and p? and hence the uncertainty Ap. K _

(d) What is the probability of finding the particle in the first excited state, if an energy P

measurement is made?
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10. * An electron is bound in an infinite potential well extending from z = 0 to x = L. At
time t = 0, its normalized wave function is given by

/ 2 . 3rx T
'IU(TO) = ﬁ Sin (E) COS (i)

(a) Calculate ¢ (z,t) at a later time ¢.

Foe b= h"
(b) Calculate the probability of finding the electron between z = L/4 and =z = L/2 at - = h_ E)_ = 4
time . &m LL 2L

S\ \?(\'\10\ - /_ an Q.‘_‘l + d"@i)}
= o

G glede Vo skt
, - L
[ Elm) 2] " s
- L kd)\\“’
KPS
_.(L\L{&vnl_z—{_

(? K\A,—H = _\\(: J’_zl-)_—gllh (‘?\%56 T —+ _2:_ &('N(T\_V\ >Q_L Li_/%ﬁ"\"

2 L -

I

= L CPSL("‘) < &t =+ ® (n) C";E'-\-/W
(-~

Lo
T = Q) - P (y 1) - A
Ly— Y
Loy
§ in [T giaf 200 )| rdy
= ’}_L_LD: cnE C\n_z + o (F%BT' )\Sh L’%>g L’U\L>
Ly
! ATy
e sty L el et
(-
" an A
\ : -\lg ) — (Vs
' \ Ly g L"G -+ @/L_) _@l_
\ ='7 0w (") )
= 7

|\
L L —,>
\ L + &t M ®

R
— L + — A
I T 30 yrb-
1 “

©

9. Suppose we have 10,000 rigid boxes of same length L from z = 0 to x = L. Each box

contains one particle of mass m. All these particles are in the ground state.

—_—

(a) If a measurement of position of the particle is made in all the boxes at the same time,

in how many of them, the particle is expected to be found between x = 0 and L/4?

(b) In a particular box, the particle was found to be between z = 0 and L/4. Another
measurement of the position of the particle is carried out in this box immediately

after the first measurement. What is the probability that the particle is again found
between = = 0 and L/4?
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6. An electron is moving freely inside a one-dimensional infinite potential box with walls

at z = 0 and z = a. If the electron is initially in the ground state (n =_1) of the box
———

and if we suddenly quadruple the size of the box (i.e., the right-hand side wall is moved

instantaneously from = = a to = 4a ), calculate the probability of finding the electron

in:
(a) the ground state of the new box and
(b) the first excited state of the new box.
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