Linear Algebra I & Mathematics Tutorial 1b Instructor: Henrik Bachmann
Nagoya University, G30 Program, Fall 2023 Teaching assistant: Yuichiro Toma

Homework 5: Subspaces

Deadline: 17th December, 2023

Exercise 1. (543 = 8 Points)
(i) Which of the following subsets are subspaces? Justify your answers.
Up={z eR® |2} +23 =23},
Uy = {I€R4 | z1 — xo = 2x3 and 1:2—|—173:—1:4} ,
Us={reR"| Ax =z}, where A€ R" " is a fixed matrix,
Uy={zeR"|zev=0}, fora fixedveR",
U5:{x€R2 |x1§x2}.

(ii) For each subset U in (i) that is a subspace, find numbers a,b > 1 and a linear map F : R* — R®
such that ker(F) = U.

Exercise 2. (24+3+3 = 8 Points) Consider the following subspace
W =ker(P,) = {z € R* | P,(z) =0}, whereu= | -1

(i) Determine vectors vy, ..., v, € R® with W = span{vy, ..., v}
(ii) Find a linear map H : R? — R? with im(H) = W.
(iii) Calculate ker(H) and ker(P, o H).

Exercise 3. (3+3 = 6 Points)
(i) Let U,V C R™ be subspaces. Decide whether the union U UV is also a subspace or not.

(ii) Let U,V C R™ be subspaces. Decide whether the intersection U NV is also a subspace or not.

Version: December 1, 2023 1



The days are getting short, and the nights are getting cold (in Nagoya). Winter has come.
I hope you guys are ready for Professor Bachmann’s Linear Algebra Chrismath Challenge!

Today’s words are mostly on the subject of the HW: Inverses and Subspaces.
ﬁ;é Zz5 7 %‘:x‘ﬂ< &&/u}é#
% (E5 UL IR

These words are: kaku (kernel), zou (image), kagyaku (invertible), and bubun kuukan (subspace).

Here’s a question: how do we say ”invertible matrix” in Japanese?

While I won’t give the answer here, interestingly, there are a few Japanese synonyms for ”invertible
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matrix”, namely IEF 'J 741 (lit. regular matrix) and IR RATA (lit. non-singular matrix).
Note that this time, 1%% is omitted due to its inclusion in HW3’s part.

Read as ”%><”. This kanji usually means "nuclear” or "nucleus”. Uses

)
/A - FA LM< A &
f( include JRF#% (Atomlc Nucleus) and 1‘* tar (Nuclear Weapons).

This kanji means ”able” or "consent”. It refers to how an invertible matrix is

o)
] - able” to be inverte ommon uses of this kanji include FAJH ossibility),
”bl”tb tdC f this k ld‘f@P ibilit
EfFEJ (permission), and xﬁf (unable, or "to fail” a course)
. is kanji means "reverse refers to how an inverse matrix is a reverse o
X This kanji 7 . It refers to h i trix i f
N the original matrix. One use of this kanji in everyday life is in the expression

J% T X (meaning, no, it’s the opposite!).
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z ) This kanji means ”part”. ThlS word is used in “##B (Undergraduate). Other
I_‘ZILB uses of this kanji include %K—F (subordinate), gz\%% (all), and %BL% (room).
24 This kanji means 7’sepabra‘ce”. One word that you might have encountered
I\ - that uses this kanji ib 77 % (to understand). Other common uses include
7] i—j@; (feeling) and % y’\ (probably).

5 This kanji means ”"space” or "sky”. It refers to how subspaces are... space%s;

This kanjl is very common in everyday life, w1th 1ts common uses including %%
(sky), :.:(% (airport), 7"ZEI (blank space) and 7"3$
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A This kanji means ”interval”. It refers to how subspaces are ”intervals” of
C A
IEIEﬁ - space. This kanji is also common in everyday life, used in (among others) IRFf#]

(time), EF}EI%S (between), Eﬁi}uﬁaﬁb (moment), and LJCFEI% (human).

And that’s it for today. Take care, Good Luck, and Have fun (GLHF)!
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P.S. In case you didn’t guess it yet, "Invertible Matrix” is A] #1751 (kagyaku gyouretsu).




