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Math 330 Linear Algebra Homework 3
3.2 RMS value and average of block vectors. Let o be a block vector with two vector elements,

r = (a.b). where a and b are vectors of size n and m, respectively.

(a) Express rms( o) m terms of rims{a). rms(b). m. and n

(b) Expross avg(a) in terms of avg(a). avg(b), m. aud n.
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Math 330 Linear Algebra Homework 3

3.3 Reverse toangle ineque H; Suppose a and b are vectors of the same size. The triangle
mequality state tI t fla + b < |la]l + |[b]|. Show that we also have ||a + b|| 2 ||| - |lb||
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Math 330 Linear Algebra Homework 3

3.6 Taylm approvunation of norm. Find a general formula for the 'l'uyh:r approximation of

the funetion f( 1) Flnear aogiven nonzera vector @0 You ean express the approximation
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Math 330 Linear Algebra Homework 3

3.8 Converse Chebysher tnequality. Show that at least one entry of a vector has absolute
value at least as large as the RMS value of the vector.
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3.7 Chebysher nquality. Suppose 1 s a 100-vector with rms(z) = 1. What is the maximumn
niber ob entries of o that can satisly .| > 3?7 If your answer is k, explain why no such
vector can have A + 1 entries with absolute values at least 3, and give an example of a
speathe 1T00-vector that has RNS value 1, with k of its entries larger than 3 in absolute

value
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3.19 Norm of sum. Use the formulas (3.1) and (3.6) to show the following:

(&) a L bif and only if |la + b|| = /||a]|? + ||b]|2.
(b) Nonzero vectors a and b make an acute angle if and only if ||la + b|| > Vilall? + I

(¢) Nonzero vectors a and b make an obtuse angle if and only if ||a +b|| < 1/ llall® + JIo].
Draw a picture illustrating each case in 2-D.
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Math 330 Linear Algebra Homework 3

3.25 Leveraging. Consider an asset with return time series over 7' periods given by the 7-
vector 1 This asset has mean return g and risk o, which we assume is positive. We also
consider cash as an asset. with return vector p''1, where u'f is the cash interest rate per
period  Thus, we model cash as an asset with return 4™ and zero risk. (The superscript
m ot stands tor risk-free’) We will create a simple portfolio consisting of the asset and
cosh Hwe wvest acbraction @ m the asset and 1T 0 i cash, onr portfolio return is given
by the tnne seres

poeUr (1 o'l

We mterpret @ as the hiaction of owe portfolio we hold m the asset. We allow the choices
O =1 o @< 0 Inthe fust case we are borrowing cash and using the proceeds to buy
more of the asset which is called feveragrng Tn the second case we are shorting the asset
When #s between 0 and 1 we are blending our investment in the asset and cash, which
15 acform of hedging

() Denwve a tormula for the return and risk of the portfolio. 2.¢., the mean and standard
deviation of p. These should be expressed i tenms of . o, p*', and 0. Check your
formulas for the special cases 0 = 0 and @ = |

(b) LExplain how to choose @ so the portfolio has a given target risk level ¢'*' (which is

positive) I there are multiple values of @ that give the target risk. choose the one
that results in the lnghest porttolio retur

) Assume we choose the value of # as m pant (b When do we use leverage? When
do we short the asset” When do we hedee ” Your answers should be in English.
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