5.1.8 Since @i -7 =4 — 24 + 20 = 0, the two vectors enclose a right angle.

5.1.16 You may be able to find the solutions by educated guessing. Here is the systematic
approach: we first find all vectors ¥ that are orthogonal to ¥, 5, and ¥, then we identify
the unit vectors among them.

Finding the vectors ¥ with -} =& s = ¥ - ¥3 = (0 amounts to solving the system
r1+ T2+ 73474 =10
ri+xro—xy —xq4=10

1 —Ta+axg—x4=10

(we can omit all the coefficients %}

I i
. ~ xTa —t
The solutions are of the form T = =
T —t
T4 i
Since || = 2t|, we have a unit vector if f = J or t = —1. Thus there are two possible
cholces for o,:
1 1
T 7T
: :
3 and 1
I T
1 1
I -z
5.1.18 a ||.E'||2 = 1+%+ﬁ+é+- ce= I_—1%-_ = % (u:ie Lhe [ormula [or a gewneloe seres, willh o = %),
so that ||7] = X ~ 1.155

b If we let @ = (1,0,0,...) and @ = (1,3, ,---), then

i — a.rcx:osll—ﬁiﬁ;%l — arccoﬁ—_xl_— — a.‘ccosl';j — %{— 30“:1.
W'
Cz#= [1, %, \%E ., U—if_!._ . ) does the joh, since the harmonic series 1+%+é+- -« diverges

(a fact discussed in introductory caleulus classes).

d 15 e et 7=(1,0,0,...),7= (13,1, ) and @ = ;5 = ¥3(1,4,4,-..) then

(11 )

o 4]

b=
]

proj; v = (i - ¥)il =

]



5.1.20 On the line L spanned by # we want to find the vector m# closest to i (that is, we
want |m& — jj|| to be minimal). We want mZ — § to be perpendicular to L (that is, to 7,
which means that 7 - (m& —§) =0 or m(#- &) —7-§=0o0r m = £ ~ AHEI ~ 0.106

Hecall that the correlation coefficient r 15 r = IT':EI]LLI so that m = %r'. See Figare 5.3.

5.1.28  Since the three ziven vectors in the subspace are orthogonzl, we have the orthonormal

basis
1 1 1
T I I T e |
1 —1 1
Now we can use Theorem 5.1.5, with & = €; : projy & = (@ - T)il; + (2 - T)tla + (s T)ds =
3
1 1
.|
1
5.1.38 Since 7} and # are unit vectors, the condition ¥ -7 = | 51| || T2 || cos(a) = cos(a) = %

implies that #; and > enclose an angle of G0° (= %} The vectors ¥ and ©5 enclose an

angle of 60° as well.

In the case n = 2 there are two possible scenarios: either ¢ = Uy, or ¥ and U enclose
an angle of 120°. Therefore, either o - 73 = 1 or Ua - T3 = cos(120°) = —é—.

In the case n = 3, the vectors ¥ and ¥ could enclose any angle between 0° (if 72 = 73)
and 120°, as illustrated i Figure 5.7. We have —% < i -3 < 1.

The tip of ¥,
could be anywhere
on this circle.
Figure 5.79: for Problem 5.1.358.
0 0 (%) cosf
For example, consider #7; = | 0|, T, = % , Ug = (gz_ﬁ) sin B
1
1 1 f
z
Note that 4 - T4 = (%j sinfl + } could be anything hetween —% (when sinfl = —1) and 1

(when sin® = 1), as claimed.

If n exceeds three, we can consider the orthogonal projection it of #3 onto the plane E
spanned by ¥ and .

Since projg, @ = (¥ - @)@ = 17, and since ||| < ||@]| = 1, (by Theorem 5.1.10), the



tip of @ will be on the line segment in Figure 58. Note that the angle ¢ enclosed by the
vectors 72 and 10 is between ° and 120°, so that cos ¢ is between —L and 1.

Therefare, iy - iy = 7lx - wt = |417]| ens b s hetwesn —é and 1.

This implies that £(#,73) is between 07 and 120° as well. To see that all these values
are attained, add (n — 3) zeros to the three vectors 7y, Th, ¥s in B® given ahove.

Figure 5.80: for Problem 5.1.38.

5.1.14 The horizontal components of Fy and F, are —||F} || sin 5 and ||Fy|| sin a, respectively
(the horizontal component of Flq is Zero).

Since the systemis at rest, the horizontal components must add up to (), so that —|| F || sin 5+

|Fa|| sin e = 0 or ||Fy]|sin 8 = ||Fs||sina or J|;_2|L = e

To find % note that EA = FDtana and EB = EDtan 3 so that 'F';I = = =

::2; - zg:ﬁ = :2” zxﬁ Since « and 3 are two distinet acute angles, it follows that
EA 4 Pl

— # Il =p that Leonardo was mistaken.
EB 7 R’



