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(1.33 definition: subsgace w Sw
A subset U of V is called a subspace of V' if U is also a vector space with the
same additive identity, addition, and scalar multiplication as on V.

(1.34 conditions for a subspace
A subset U of V is a subspace of V if and only if U satisfies the following
e - -

three conditions.

additive identity

0e U
=T
closed under addition é/‘\

u,w € Uimplies u + w € U.

losed under scalar multiplication
a € Fand u € U implies au € U. )
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Suppose V;, ..., V,, are subspaces of V. The sum of Vi, ..., V,,, denoted by
Vi + - +V,, is the set of all possible sums of elements of V1, ..., V,,. More

G .36 definition: sum of subspaces

precisely,
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Suppose Vi, ..., V,, are subspaces of V. Then V; + --- + V, is the smallest

\subspace of V containing Vi, ..., V,,.
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definition: direct sum, & L&‘l'O‘} qA é \/ ) ﬂ\m\ /
Suppose Vi, ..., V,, are subspaces of V. u .
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e The sum V; +--- + V,, is called a direct sum if each element of V; +---+ V,, ’

can be written in only one way as a sum v; + --- + v,,,, where ea_cw Zf Wwe (/( +M _PL,\ nokiec
(UL OnY U+ o+ Uk € V. ,

o If V, +..-4+V,, is adirect sum, then V; @ --- ® V,, denotes V| + --- + V,, M‘ L We a
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with the @ notation serving as an indication that this is a direct sum.
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(1 .45 condition for a direct sum w
Suppose Vi, ..., V,, are subspaces of V. Then Vl -+ V,, is a direct sum if

and only if the only way to write 0 as a sum v; + - here each U € Vk,
\—/—-_ Ll
is by taking each v, equal to 0.
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Suppose U and W are subspaces of V. Then

U+ Wisadirect sum < UNW = {0}.
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