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If you need more that one page for a problem, clearly indicate on each page where to look next for
your work.

[1] Solve the following system of equations.
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2 independent conditions on 4 variables

solution is 2 dimensional a parametrizedplane
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[2] Using matrix multiplication, count the number of paths of length nine from x to itself.

1 4 1 1 12 0Y YI 0 I
O I 1 A A AZ

to

1 orations

s

É n I ID a
A

check

0 0 0000000
88980DO QQ DOIN Iffy OO OO OO OO

n X X X X X X XDEEDED BO DEAD OO
I A AZ As A AS AG A AS AS

we can unfold the graph and count all pathsbyhand
start with one pathof length zero at
Each count is the sum of the counts coming in



With more time one can understand this countbetter

Call a path to elementary if it nevervisits until it is done
Everypath to can befactoredintoelementarypaths
Anelementary path stepsto then is apath to that doesn't
visit then returns to Ox

So we need to countpalms to for this subgraph 320
There is oneelementarypath to ofeach length 2,314,5Gir
To count all paths to we count all combinations of elementarypaths
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we now know howmany elementary paths there are to
of each length 2,415,617,819 subtract2andrsetheabovetable

Wecount all pathsbyconsidering elementarypaths
Patternsfor length9 need an odd lengthelementarypath

225 252 522 45 54 27 72 9 to pattern

003 030 300 23 32 05 50 7 look up to

t t t l l I l l l 1 t l l 1.3 311 8 take products

T T T T T 5 5 8 190

One can also figure this out using generatingfunctions
which is atopic studied in combinatorics
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[3] Find all 2⇥ 2matrices A that satisfy the condition
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This is a conceptualproblemwitheasyarithmetic
In linearalgebrawearetrainedtorecognizea linearsystemof
equationseven especially in disguisedform
Thisproblemtestswhetheronehasabsorbedthisworldview
Wethenunderstandthatthecompletesetofsolutions isanaffine
space point line plane whosedimensioncanbefoundby
countingunknownsandindependentconditions andwhichcanbe
written inthestandardform general particularthomogeneous
Givingfourmatricesthatworkisgivingfourpointsonaplaneandrevealsthatoneneversawthis as alinearsystemofequations
Ananswer if ft E isabsurdbecausetheshapesdontmatch
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[4] Find a system of equations having as solution set the following a�ne subspace of R4.
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Howdo I quickly checkyour answer

81 89191 1 11 columnsaddto zero

1 181 89191 1 11 alumnsaddtozero

fit 89191 1 11
alumnsaddtonghthandside
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[5] Find the intersection of the following two a�ne subspaces of R3.
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