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[1] [2] [3] [4] [5] Total

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 six from x to itself.
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we can unfold the graph and count all pathsbyhand
start with one pathof length zero at Q
Each count is the sum of the counts coming in



With more time one can understand this auntbetter

Call a path to elementary if it nevervisits until it is done
Everypath to can befactoredintoelementarypaths
There are two elementary paths ofeachlength 2,34,5 6
Either go left or go right

COTO 03022
Weclassify all pathsof length 6 bytheirelementarypathpattern
pattern 22 2 24 4 2 33 6

count 2 2.2 22 2.2 22 2

sum T t T t T t T t T 22 0

One can also figure this out using generatingfunctions
which is a topic studied in combinatorics
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[3] Find all 2⇥ 2matrices A that satisfy the condition
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This is aconceptualproblemwitheasyarithmetic
Inlinearalgebrawearetrainedtorecognizealinearsystemof
equationseven especially in disguisedform
Thisproblemtestswhetheronehasabsorbedthisworldview
Wethenunderstandthatthecompletesetofsolutions isanaffine
space point line plane whosedimensioncanbefoundby
countingunknownsandindependentconditions andwhichcanbe
written inthestandardform general particularthomogeneous
Givingfourmatricesthatworkisgivingfourpointsonaplaneandrevealsthatoneneversawthisas alinearsystemofequations
Ananswer 88 it E isabsurdbecausetheshapesdontmatch
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[4] Find a system of equations having as solution set the following a�ne subspace of R4.
2

664

w
x
y
z

3

775 =

2

664

1
0
0
1

3

775 +

2

664

1 1
0 1
1 0
1 1

3

775


s
t

�

T

t is aplane in R needtwo independentconditions

unto

allHIIIII
Hiatt

Howdo I quickly checkyour answer

81 o it E ft columnsaddto zero

pot o Y ft columnsaddto zero

off at T E f columnsaddtorighthandside

here easiertocheckmiddlecolumns are thesame
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[5] Find the intersection of the following two a�ne subspaces of R3.
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