ux‘\b"‘s MATH 201: LINEAR ALGEBRA
SUGGESTED PROBLEMS FOR WEEK 1
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1. LEVEL 1

Problem 1.1. Find all solutions to the systems. Represent your solutions geometrically.

—2y= -2y = —2y = olutions |
3x+Sy =17 T —2y =2 r—2y =3 r—2y=2 No =
- 2x "62 =6 {333 + oy =17 2z — 4y =6 9% — 4y =8 These bhes ave Pavo\]lé!.
- | These equadions x =AA0%
lly =11 =>|Y4=1 ) Lot represent the same [
~ (14 —3x+5Sw =%
X-% =2 D |x=4 T2 lne- Thus e set of solutions 74,
e _ . —
/ ’I‘\ is +hot hne: / <
X2y =% ?[)(,-/&3: X:g.;x.a_f / K4y
Ve X=8+2¢ Ay =2 = 47 -1
"Q% =3 =247
Ax=38 x=9
Problem 1.2. Find the augmented and coefficient matrices of the linear system of equations.
rl = — 3
—3x1 + xo =14

T1 + 229 + 3 =9
—x1 + 89 — bxg + x4 =33

1 0 00 1.0 O o!l-g

-5 1 0 o &1 0 oM
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1 2 1 O 1 4 1 04

1 8 5 1 -1 8 5 132
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ooetbicient matriX au%memkal maorrrX

Problem 1.3. Find the augmented and coefficient matrices of the linear system of equations.

7 =1+ T3

\U

O =X +Xs - X2
—X —Xz +X§

O =
O = KXo —Az Xy
o

1+ o = a8
xr3 = To + X4

T4 + X5 = X9 + Tg

1000 10 -1 009

-1-100 00 O 1 O

O1-11 060 © 0O 1000 10 -1 0
o O I -1-1 00 00
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au%,mm-fwl wotri X



2

Problem 1.4. Which of the matrices are in rref? For those that are not in rref, say which
condition is violated. ’[' S polupan Shovtl be, at e
euly nowzevo [0 00 01

O O 1 2 3 4
2
entng ‘m s

+ be Lhe 0 0 30
wwsk B¢ + 0 0(D4 0
Problem 1.5. Solve the system of equations using Gauss—Jordan elimination.

3r+5y+32z = 25
Tc+9y+ 192 = 65
sssx,e-l L sl 2% —4r +5y+ 11z = 5
*+ 9 14 &f [O:.'%-%} 1./,«3’1
[—45,15 o 1 ds 0102 xX=4
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2. LEVEL 2

Problem 2.1. We say that two n x m matrices in rref are of the same type if they contain the
same number of leading 1’s in the same positions. How many,3 x 2 matrices in rref are there?

0O 0 9 This solution is *incorrect* because the question ﬂP"s of
o 00 asks for 3 by 2 matrices.

There ace 7 4ypes.

I have solved this for 2 by 3 matrices

° o0
o o O} o o oo : Correct answer: 4

Jo 2 Ho;ilfoo; H H {

o O O

1 1
0 0
0 0

O = O
|

Problem 2.2. Is there a sequence of elementary row operations that transforms

1 2 3 1 0 0
4 5 6 into 01 0f?
7 8 9 0 00
beo3 1z No- The matrix on +he right- is i RREF
o -3 -6 o 1 Z +he of +he mottrix
7 2 4 and. is net equalk RReF e
oo on +he let+.
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Problem 2.3. For which values of a, b, c,d, and e is the following matrix in rref?
1 a b 3 0 —1

00 ¢c1 d 3

0 e 001 1

“a" pan be auy number

“@” must Jo zero
“Ad" must be zero
II&II MME" &v one

“L" most be zero

[

3. CHALLENGE PROBLEMS

Problem 3.1. Queens, New York has several one-way streets throughout its many neighbor-
hoods. We can represent the flow of the traffic around 81st and 82nd streets diagrammatically

as

Queens Midtown Expy

X2 X
55 A 5&th Ave
21 Xe Fg v
| S a
o0 0 Xz
58th Ave
Ae Xy
Aq X

Imagine that we send out detectors (such as scouts) to record the average number of cars per
hour along each street. What is the smallest number of scouts we will need to determine the

traffic flow on every street?

|
Xz = X +Xe 1 o001 0-1’06%(?
o 1 0 o-1 0 Loy
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o 1 -l 1L DO DOO! b 60! 1-1 00-1D oy
o o 0! |—100—I;O ' Xy =-As+ Ke tXq
e ot columne.
1 00p10-108lo ¥ We see thar there are 4 pi
- )
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Z""DODDD:O Thus Hie anewer ! + varioble s
M )
000! 1l 00D Note Haod Hais is Lecause He indlependudt VaTioRe
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Le woritten W tevms of Hhe depevclmt ocues This 1o
o 4he nomber ot non-pivojr Lolumns -
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Problem 3.2. Consider the chemical reaction
aNOy + bHO — cHNOy + dHN O3,
where a, b, c, and d are unknown positive integers. The reaction must be balanced; that is, the

number of atoms of each element must be the same before and after the reaction. For example,
because the number of oxygen atoms must remain the same,

2a +b = 2c+ 3d.

Find the smallest possible positive integers a, b, ¢, and d that balance the reaction.

N'I'LWQU""' o =& 44
Oryopm . Zo +b =Ze + 3d

Htaokmaxw.: AL =a +4d
10-1-1;0
2 x -2 -3 ;0

[}
o &% -z -z!0
1 0-1 12,0
Ozo-i:'o
o 4 -1 -1:0
10 -1 -z'lo
o 1 -x:oj

i
o o 1 -1{0

-]

a-c-d=o beu=d
b-d=o0 =>
0-0!-10 G—Z;b‘:‘—o
A =zZh

The amallest, positive, integen solutions o ~his
systemt s

a=2
b:a:d,:l

Problem 3.3. The temperature on the boundary of a cross section of a metal beam is fixed
and known but is unknown at the intermediate points on the interior

20 20

30 — 30

Assume the temperature at these intermediate points equals the average of the temperature at

the nearest neighboring points. Calculate the temperatures 11,75, T5,T}.

4TL = 10420 + T, + T4
C{TL=T.+M*40+T3
47T, =T, + Tg+30+90
YTy =T +T+io+30

47, -T2 -Ty =30
-T, +4 T2 -Tz =60
-T; +47Te - Ty =70
T, - T + 4Ty =40

24T, = 40
Ty =A%

56T, - 6Ty = 1820
L .
Te = 2, (1320 +1E>/115'))

4-1 0 -1) 20 4-1 0 -1 20 4-1 o -1 flzo T. =30

1 ]
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o -1 4 -1 !'z7O o -1 4 =1 | ¥0 o - /rs‘{

-l 0 -1 4 |40

o -V -1 " | 9572

o0 sl sz T: = ;*SL_[CHSo} FAZC+A7O)

T, = A+ &
4-1 o -1 20 4-1 0 -1 )30 49-1 o - r'go ‘
1 - -1
O 1Sl -1 -Yy 1157, O 1ol -1 Yy 1155, o Sy “/l _f 5% | 4T -275-22.6 = 30
© -1 4 -1 |70 o o %Hs s 3% oo T 75 |38 L/ 7.6 +A2.€)
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T, =X0







