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Exercise Set I1.1

1. (a) The probability that a team selected randomly has j wins is

Number of teams with j wins N (j)

P(7) = = .
(7) Total number of teams N
(b)
> PG -y M T TN =5=1
7=0 7=0 7=0

The probabilities in the problem are as follows:
P(7) = 0.3, P(8) = 0.4, P(9) = 0.2, P(11) = 0.1, and P(j) = 0 for j # 7,8,9,11. We now
show the above, i.e.,

o0
D P(j)=03+04+02+0.1=10.

gy = 22000 5 N0 5 ).

We now calculate explicitly:

82
(4) = (7><3+8><4+9><2+11><1) 0 =8.2.

o
Zﬂ@(j):7><0.3+8><0.4+9><0.2+11><o.1:8.2:<j>.

(d) The variance is

o? i(j — G)PP(G) = (7T—-8.2)2x03+(8-82)2x04+(9-82)2x02+ (11 -8.2)2 x0.1
0

J
(—=1.2)* x 0.3 + (—0.2)% x 0.4+ (0.8)* x 0.2 + (2.8)% x 0.1 = 1.36.

The standard deviation is 0 = 4/1.36 ~ 1.17.



2. (a) We determine C as follows:

1= / plz)de = / Ce 320 gy

Assume the change of variables y = /5 (z —xo). Then dz = \/gdy and (see Appendix)
2 [ 2
1—6’\// e*yzdy:C\/—W.
a f_o «

«
C=,/—|
2

Then, we obtain

(b) We obtained in (a) that the Gaussian probability is

pla) = e F
We now calculate (z):

<a:>:/ dx_\/;/ §r0) gy

As before, let y = \/$(x — o), then

o0 1 o0
I (o I ey

= ﬁl’(}\/’; = Xo.

(see Appendix for the integrals)

We now calculate (z2):

Then,




Then,

Note: we recovered the standard form of a Gaussian function:

1 _(z—=g)?
202

(d) In order to sketch a graph of p(x) we use the following properties:

o p(x0) = po =/ 5752

* IR P@) =0
The function p(z) will look as follows:

p(x) A

po,,

>
o
xy|

Figure 1: Gaussian probability distribution.



3. (a) In order to determine A we use the normalization property of the wave function:

00 0 1
= () (x)dz = 2 z)%dx 21 — 2)%dz
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(1—z)3 ' 2
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0

Then, we have

(z) = /OO O ()2 () d = g (/_Olmu +2)2de + /le(l - @%)
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Then, we have




h d
=y

i dx

0= [ v = [ v @] L@

:g§ (/_Ol(l—l—a:)dm—/ol(l—x)d:n> g’?{<x+x;) }
26D

Then, we have

{p) =0}
(a) The Shrodinger equation is
h? 92 h o
IR 22 ) O(a,t) = 0.
< 2m Oz Vi) + i(’?t) (z,8) =0

We now calculate the different components for ¥ (z,t) = ae™ with A = gh~ Y (ma?+ivt).

"?iw,t) = J%Wm)ﬁh*iv = —By¥(z,t),
(3

B2 o2 B 9 1 0
_%@\I’(m’t) = 531 (\I'(x,t)ﬂh 2m:v) = fh=— (¥(z,t)z)

Ox
= —2ma? %V (x,t) + SRV (z,t)
Then,

h? 02 h o
VR0 = (5o = 1) W)
= 2ma’ B2V (x,t) — RV (z,t) 4+ ByU(z,t) = B (2mm26 + v = h) ¥(z,t).

Then, we have

V(z) =B (2ma*B+~—h)|

(x) :/ \P*(:c,t)x\I/(x,t)da::/ e BT HmaPtint) g o o= BR (ma® —int) g,

—o0 —00
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= oz2/ pe 2B ma g
—00

Let y = \/2Bh~1max then

2

e’} 2 0
= o? Y Y ! dy = —2 / eV dy =0
() = o /_oo V2Bh Im J2h m 2B tm )0

Then, we get

() =0]|



Similarly, we calculate

o _ [T g 2 _ o [T o opnma?
(x%) = U*(x, )"V (z, t)dr = « x‘e dx
—00

—0o0

2/00 y2 2 1 J a2 /oo 9 de
=« e = e
2B 2ph i (28h~1m)*/? I
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‘We now calculate

(p>:/oo \Il*(at,t)pllf(x,t)dx:/ \Il*(x,t)?aaxllf(x,t)d:c
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= /OO U (x, t)h( BhL2ma) U (z, t)dx

— zﬁ2m/ (z,t)x¥(z,t)de = i2mpB(z) =

Then, we get
(p) =0}
00 e’} 82
<P2> :/ \I’*(x,t)pz\lf(ﬂc,t)da: :/ \IJ*(x,t)(—hQ)W\Il(x,t)da:
0o S x

_ 2 /_oo T (z, t)aa (= Bh2ma W (x, t))dz

= 2m5h/_®o \I/*(x,t)(i:(x\ll(m,t))dx = 2m5h/_®o U*(2,t) (U(2,t) + 2(—Bh~'2ma¥(z,t))) dz
= QmBh/w U (2, 1)U (z, t)dx — 4m? B> /00 U™ (z, )22V (z, t)da

= 2m,6h/oo U (z, t)* dz — 4m> 5% (2?)

—00

We calculate

o0 o _ o0 1 h
/ | (2, 1) | da: = a2/ =200 Ima gy — az/ e_y27dy = a2 .
—00 —00 —00 vV 267@_1771 2Bm

Then, we get
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consistent with the Heisenberg principle.

(d) From the normalization we get




Appendix

1. Define

Then,

—/ / Ve dxdy—/ / —(@*+y?) dxdy.

We now use polar coordinates so that = = rcosf, y = rsinf and z? + 3> = r2

dxdy = rdfdr, then

; futhermore,

o] 2T [e%s) —r2 0
I’ = / / e~ rddr = 27r/ re " dr = 2 € = .
o Jo 0 -2 0
Then I = /7, i.e.,
/ e dy = NZs
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