A l
y =
z =2

avex=3,y=landz=7
m. we have x = 3,
s above syS(C ' ~
From the a

. The required solution (x, y, 2) = 3, L 2) (Al.ls-) | .
(.i.co metrically, the point (?’, l,‘ 2) is .thet l:nte'rse(?tlon of the thre,
described by the three equations comprising the given system . p]anes.
Summary of the Gauss-Jordan climinatio.n method followys .
1. Write the augmented matrix corresponding to the linear system,

2. Interchange rows (operation 1')’ if necessary, to (?btain an augmente Matriy ;
 the first entry in the first row is nonzero. Then pivot the matrix abouyt

¥ " iy
3. Interchange the second row with any row below it, if necessa

thls ent

4 1 H rys tO .
augmented matrix in which the second entry in the second oW is Nonzegg 0;’_“"1 m
matrix about this entry. 2~ : - Fivot g

4. Continue until the ﬁgi’i‘lvmatrix is in row-reduced form.

2
-'/;::"

=

the following system of lificar equations by e,

Examples| Solyé - ok
elty't{tio'n mgfthod. [ﬁtb? ﬂ‘cﬁ?ﬁ‘l‘ (oo 511:\?5’1-%1‘@1?{ Qﬁfﬁm«rf:{ Tafors

4 doir iy A %
A | x-2y+8=9 | |
VN -2 2pigey T |

x+2y—3z=.8

noution Using the Gauss—Jordan elimination method, we obtain the followiz
- sequence of equivalent augmented matrices.- . : _ |

2 20010 |31 2K g g g g
SR 0 B0 B e ¢ 8.
| o e

2500 2 19 | 27
oL 2 ~12 | -4,
| 1 0- 9 127
e 112
N -12 | -4
0 2 19|27
1100 9 )12
2310 1 -6 |-2
0 2 19 [ 27.
1.0 9| 12]

Ry-2R, ‘
—2R 1y 1 6 -2
05002 23 3 e
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System of Linear Equationg

I 0

"

3 R; () |
0 0

10

Ry~ 9R, |

-
Ryt omy | o

ystem is in standard form,
W SYY
o\c‘

; oJution to the given system is given
L

!

2y 4 3z= 1
3x + 6y = 12z = -3
S5x =2y + 2z=-1

“6 1.2
| |

0

281

0|3
0
Fl

3
4
l

byx=3,y=4and ;= I (Ans.)

4 Solve the system of linear equations given by

ion Using the Gauss—Jordan elimination method, we obtain the

ving sequence of equivalent augmented matrices :

2 37 3 6 -12 |-3]
1" ~12 |8 | BEESED- Lt g
(a2 20- 5 2 20~
| 12 4 -]

3Rlo 2 3|7

o Ls o2 21

1 2 -4 |-t

Ry -5R, 0 2 3 7

|0 -12 22 | -2

1 3 1

PN 1 5| 1

|0 -12 22 | -2

"'1 0 o] —'81

R-2k o 1 3| 1§

Ry+ 12R; | 0 0 40 | 404

Corqe =T -8

g \ '

Biio1 3} 8

0 0 1

1 00 ""'ﬂ

AAAAAAAAAAA wemlo 1 0] 2]

Onebyzeld(anRbr e(hze(_‘j)LealnngE?2$§ th@a(rxé&”)
. The Compr ehen§ ve Academic Study Platform for University tj}éﬁs

e ter10M hV.x - =

ad sh (www.onebyzeroedu.com)
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\

"~ We obtain

"real number, we see that the system has in

282 Linear Algebra

e A system of equations with an infinite number of solutions
|-E.\-am[—11c--5 | Solve the system of linear equations given by

x4 2y-3z2=-12
3x - y—-2z= 1
2x 4+ 3y - 5z2=-3

Using the Gauss—Jordan climination method, we obtain the follo
. ) . N
sequence of equivalent augmented matrices : g

1 2 =3 |-=2 1 2 3 |-2]
3 -1 =2

|| KeBRuto -7 7|7
2 3 -5

_3 Ri—=2Ry | o -1 | 1 1l
| 1 2 =3 |-2]
Rlo 1 a4

’ 0 -1 1 1.
o T1 0 —1 | 0]
: Rl o 2R2 0 1 - _1 _1
: R3+R2 0 0 O ’ 0

The last augmented matrlx 1s in row-reduced form. Correspondm system of
linear equations glves '

x —z= 0
y—z;—-'—l 5 .

a system of two equations in the three variables x, y and z.

Let’s now smgle out one vanable—say, z—and solve for x and y in terms of it

X=2z. |
y=z-1
=), giveé

If we assign a particular value to z-say, z =0 we obtamx 0andy

the solution (0, -1, 0) to the system. By setting z
0, 1), In general, if we set z = t, .where 1 represen

parameter), we obtain a solution given by (1, ¢ = 1, f). Sin
finitely many solutions.

ce the parametert

he stral
@ Note : Geomemcally, the solutions of Example-5 lie 10!:1; )
dimensional space given by the intersection of the three pié

equatmns in the system.

jonlh
=1, we obtain the $° l( a(l’lais |
ts some real numoet e
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PER
cquations that hae ne “Oluting

Vo] Qolve the system At e |
‘ ” [p] .K”'\ y 1 of line ar« aQuationa fiven hy

!
,l’ LI I U B |
1 y ? A
v 4 5y 4 52 |
o] Using the Gauss-Jordan elimination method, we olytain the
fi . ’ B
i 8 gequence of equivalent angmented matrices -
yWitie
oll | | | | R~ AR | | | |
T I B R"R')o 4 41 |
p5 S TNl 4 4] g
P 'l | I I
D000 4 4|

wve that TOW 3 in the last matrix reads Ox + Oy + 0z = ~1 that is, 0 = =11
o

h

 herefore conclude that the system is inconsistent and has no solution.
" mem’cally, we have a situation in which two of the planes intersect in a

" nt line but the third plane is parallel to this line of intersection of the two
Lgcs and does not intersect it. Consequently, there is no point of intersection
sie three planes. »

- ‘2 .

i (jl\ tem of linear equations

13 Consjsténcy of a sy i

| ma)%ffm (SIS ATl

j Let us consider the following system of non-homogeneous linear equations:
alixl + a12x2 HEE alnxn ~ bl
ayX) + ApX; + o+ g%, = by

am* + am2x2 kg amnxn » bmJ

e above system can be written in the following matrix form :

o ' — e -
r_Cl” ajp e a,ﬂ _X|T b‘ |
ap dp .. Gu X2 b, : ”

Laml amZ uf a”m- L-xm-— ) me—

-
a ayy e aln-T bIT \ l
1 b %
Ay Gy . G2 2 '

vhere A= eos .ee "ee oo ‘, B =1 e and X= L b

B "
o AVAILABEEAT. A4

Onebyzero Edu - Organizgql[h_,g@ ning, Smods*@areer ¢ g
’ m@mdmprekgrm@e Acatiemic Stud{/ﬂ@?orm for Univeérsity Students in Bangladesh (wvyvv onebyzerpedu.com) il
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L I

’

10 ol [« 0 2710 6] |«x 0

10 o) [y[=|o]or, [0 0 Of|y{|Y

‘ 10 6f]|:2 0 0 0o 0|z 0
0

NS

2001001 62 0or, x S5p+4 3z

. a 5b

Let x=a,y=bthendz= a-5h orz="3 — 3
~a 5b

. - w s =52 (ANS.)
. The required solution 18 x = a, )" hyz="3 73

s of system of linear equations in real life Problem
o Qall srae srillasad (eoa AL

| Evamplghy| A medicine company “Square group of ffartgladesh limiteg
wishes®o produce three types of 11'19dicinc: ty!)c )‘(, Y ;mddli[r O manufactyy, ,
type X medicine requires 2 minutes cach. on mac.hmcs and Il and 3 minyte, o
machine I11. A type of Y medicine requires 2 minutes on mach'm.e I, 3 minygeg
on machine II and 4 minutes on machmc_? III. A type Z medicine Tequireg 3
minutes on machine I, 4 minutes on m.achme Il and 3 minutes on machine fy
There are 3.5 hours available on machine 1, 4.5 hours. qvallable on machipe
and 5 hours available on machine III. How many medicine of each type shou]c
company make in order to use all the available time?

4.14 Applicat

Solution Here', 3.5 hours = 210 minutes, 4.5 hours = 270 minutes and
| s hours = 300 minutes. o ‘
Let x,y,z be the number of medicines of types X, Y and Z respectively. The
we have the following system of_‘ linear eqpations: ' -
. [2x+2y=3z=210 N

2x+ 3y +4z=270

3x + 4y + 3z = 300 5
The augmented matrix of the above system is
| 2 2 3 : 20]
2 3 45500
34 3 % 300

Reducing the system to echelon form by the elementary row operations |

2 2 3 . 910]_ '
~ 01 1 g |R=R-R,
0 2 -3 _3o|R=2Rs-3Ry
S L T N1 B
A L S N AT Ry |
| ' 3=R -2
400 =St oS0 3


Md Rayhanul
Ink
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system of 1inesr | quations

2 23 0210
| R B U R VX (‘l) n
0o 0 1 30
» 2 0 )-H-,T
0o 1 0 1) ;il' ;i' ;’ﬂul
0 0 1 o T
110 60
~loov o0 0wy ; 0|
0o 0 1 : 3
10 0 : 30
~ 10 1 0 : 30 |R|""R|- R,I
0 0 1 ¢ 30
corresponding system of linear equation is
X = 30
y =130
z = 30.

e the solution of the above system isx=y=2=30
s the number of each type of medicine is 30. (Ans.)

——

wngle-56'_ Determine the polynomial p(x) = ap + ax + ay? whose graph
5568 through the points (1, 4), (2, 0) and (3, 12). [qgo! p(x)=ag+ ax+ aye
m e TR 1 (1, 4), (2,0) 9R (3, 12) R forear ot e |

Jution] Given polynomial p(x) = ao + a1% R (1)

bstituting x = 1, 2 and 3 into p(x) and equating 'the rcsults. to the respecm ﬁ-
lues produces the system of linear equations In the variables ao, @) )

own below : ,
'p(l) =ay + a(l) + a,(1) =ay + a+ @ 4
p(2) = ay + a(2) + a,(2)} = ay + 20, + 4ay = 0
| p(3) = ag + @ (3) + a,(3)* = aq + 3ay + 94, =12

leducing this system to echelon form by the elementary operations.

(g +ay+ ay = 4 Ly = a1y
~ 9 a‘+3a2="'4 LJ"IJJ"’L

| a4 5a= 12

A

g, +a + a;= 4

 a4da, =4 (L=ly-lal

Or;zzgiézgaro] Bdu - Organized Learning, Smooth Career
cad

The Comprehensive mic Study Platform for University Students in Bangladesh (www onel)yzer‘oedﬂ.'com
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we have )
A
A

By back substitution method from 3rd equation

. ) ' Kl iy
From 2nd equation, we get ‘24
’R \ x /1 ,’l\

and fro ¢l equation, we get g
I from 16t eq ! A o )8 and ay 8

Hence the solution of this system 18 @a
So the pnlvnmninl function 18
b ]
,y“) )4 )R\ | x‘

. : ing figore .
The praph of p is chown in the following 11}

y
4 (3,12)
12
10
8..
(,.4.
) (1,4)
: p(x)=24-28t+8f
2..-
0 1 2 3 4

Example-57| Find a polynomial that fits the points (-2, 3), (-1, 5), (0, 1), (1,

and (2, 10) (a3 @it ffn 9 1 (-2, 3), (-1,5), 0, 1), (1, 4) e 2,
e afe ]

Solution] We have provided five pomts So we choose a fourth-degree

polynomial function
px)=aptax+ a2x2 * a;x +apt crivedeigaisaie (D

Substituting the given points into p(x) produces the system of linear equat
listed below : -

—2a|+4a2¥-8a3+ 1604 -
ap— a,+ abz-" a3+ as =
ap ok
at a1t ;t ayt a4 =
ao+2(11 +4a2+ 803 o+ 16(14 -

n 1
o b=t W

|
e

The solution of these equations is

. 4T 4y B 24)“2 24 ,03-24204—"‘24

which means the polynomial function is

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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Syste ‘
yetem of Linea 1 AN e g

‘0 ”H 5 'R \ |, . 1
R TR TR TR TE
n
| -'4(74 3054 10187 1 18" 174y
)

p of I’(-‘) ig shown in the following figure :
‘ \
‘««ﬂ y

(2, 10)

i g+>x
[ A 2w

)= (24~ 305 + 101+ 187 - 17¢)

MESBI Set up a system of linear equations to represent the network
1 in the following figure and solve the system. [z o emfife cioes
7o TRl (B 1A 39 GRR (WA TMA <]

20 .
——

Ax

1 of the network’s five junctions gives rise to a linear equation, as shown below :

ntx = 20 Junction |
7 = ~20 Junction2

X+ X3 = 20 Junction 3

© X -X5= -10 Junction 4

—x4+x5= ~10 Junction §

‘augmented mafnxd‘ﬂgﬂbi%&yﬁmjn— Brganized Learning, Smooth Career

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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«
|\y'¢"'“| “' ' h"‘ﬂl ' l"m”h“n

(0 0 0 | 1) t
0 | 0 0 | 1)
10 g 1 0 | [yn, I, 1|
L 0 | | [0)
g 0 0 0 0 ()
,\-pm"“"” system of equations are as follows ;
3 X W oo 10
Y, o= 30
| y oy e =10
S L

s system 1 in echelon form having 4 equations in 5 unknowns, $o it
4= | free variable, which is xs.

1, then by back substitution method, we have

; 10, x3=1=10, x,=30 = t,x) = = 10, where 1 is a real number,
system has an infinite number of solutions. For a particular solution let ¢
hen the following x; = 0 & x; = 0 which shown in the figure (a). Again
1= 20 would produce the network shown in the figure (b)

@ ®)

méle-59| Determine the current.svll, ) and I; for the electrical network
nin the following figure. (=3 ot 38R & ©ftR 1, 1, @2 1, el 92 2]

I 7 volts
[ >
L d
Path 1 C ,
—Q®
Path 2 C
| e
l -
8 volts

AVAILABLE AT :
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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33
: [ inear Algabra

LT':""”"] Applying Kirchhoff's first faw 10 sither junction produces

,! by " fumetion | or o fron ?

ad 1aw to the tWO paths produces

and applying Kirchhoff s seco
Ryl 4 Ryly= 3y 4 20 =7

Roly + Ryly = 215+ Al = 8 Path 2 oy
o of three lineaf equations in the Iy, [, ang |
)

path |

So. we have the following syste

,' : ,, 4 ,‘ = n
11, 4 21, e ]
2, 4 4,' "8

The augmented matrix of the above systemn is

‘ ¢ 8
L024

Reducing the system 10 echelon form by the elementary row operations
1 =l 1 0
~ 0 5§ =3 7| (R = R2 - 3R]
0 2 4 : 8
1 o-1 1 0 Ayl
~lo 5 -3 : 7|R=5R-2Rd
o 0 26 : 2
C RS B e PR B
~ lo 5 -3 : 7|[R'=2gRil
0 - 01 1 -
1 -1 0 : —1“R' SR
~ .o P =88
(1 -1 0 & =]
~10 10 : 2 [Rz'_"'}?Rz] .
I RE | B
1 0 0 : 1
00 I |

T he <olution of the above systemis/, = 1., = 7andl;=1

AVAILABLE AT:

eby Qrgqnized Learni
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L(’\ ) o T AT Equations

o 339
Tetermine the currents 1y, 1, 1,

: . Iy, ls, and A
shown in the following figure. [Fiega wfis o

fofu 99 1]

for the electr
“ Clectricy)
T vy wfipe
U Jb ' Ila ,)v Ih I4y

AN || 10 vohs

- 2
Path 1 (
2 " A

Re=4 14 volts

Solution] Applying KirchhofPs first law to the four junctions produces

Li+L=L Junctionl
| Iy +14=1, Junction2
L+Ig=1Is Junction3
L I;+Ig=1Is Junctiond S Ay
nd applying Kirchhoff’ s second law to the three paths 'prpducw
21, +4I, : =10 Path1l '
4h+ L+2y+2s =17 pan2
U4l =14 pan3

Now we have the following system of seven linear equations in the variables /;,
b, I, Iy, Is, and I5. | :
Lot 5l anisti oo =40

Ty By writvoilgivin =0

- R A o Ty Ig =40

4 = I+ Ig=10
2, + 4, - =10

4, + Iy + 21, + 21 =17

l 2, + 4l =14

' i systemis o
Using Gauss-Jordan elimination method, we have solution of the above syste /

I @,quzerb, Ely~ by ohyrz 3cansh /s i:ﬁ‘gz, Smooth Career 3

. T‘hé Comp’rehgnswve Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com
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Linear Algebra

Whicl |
and Illhcnns Iy =1 amp, I, =2 amps, Iy =1amp, Iy=1amp, Is=3 ampg
6= 2 amps. (Ans.) ;

[Manufacturing: Production Scheduling]

Nadi Publications wishes to produce three types of souvenirs: types A, B, anq
C. To manufacture a type-A souvenir requires 2 minutes on machine | |
minute on machine 11, and 2 minutes on machine 11I. A type-B souvenj;
requires 1 minute on machine I, 3 minutes on machine 11, and 1 minute op
machine I11. A type-C souvenir requires 1 minute on machine I and 2 minuteg
cach on machines 11 and 111, There are 3 hours available on machine I, 5 hours
available on machine 11, and 4 hours available on machine 11 for processing the
order. How many souvenirs of each type should Nadi Publications make in
order to use all of the available time? Formulate and solve the problem.

The given information may be tabulated as follows :

- TypeA  Type B TypeC  Time Available (miri)

Machine I 2 1 1 . 180
Machine || G 1 K01 g O 2 : 300
Machine III 2 1 A . 240

We have to determine thcy number of each of three types of _sduvenirs to be
made. So, let x, y and z denote the rgspective'n'umb_ers of type-A, type-B, and
type-C souvenirs to be made. The total amount of time that machine I is used is

given by 2x +y + z minutes and must equal 180 minutes. This leads to the
equation : e .
2x+y+z =180 [Time spent on machine I]
Similar considerations on the use of machines II and III lead to the following
equations - L |
x+3y +2z = 300 ['Txme spent on machine II]
2x+y+2z =240 [Time spent on machine I1f
Since the variables x, y and z milst satisfy simultaneously the three conditions
represented by the three equations, the solution to the problem is found by
solving the following system of linear. equations: :
2x+ y+ z=180
x+3y+2z=300
2x+ y+2z=240

Solving the foregoing system of linear equations by the Gauss-Jordan
elimination method, we obtain the following sequence of equivalent augmented
matrices : : ' :

AVAILABLE AT
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| ‘m L 1 'R T
y 1| ""'f‘> 1|
| y | 20 21 )| om
h, 7(.\ b : 2 ml
SR N ¢ 21w
i \1 1wy
Mo 1+ 1| m
9 =5 il 10
B - Wy 10 s
idﬁi,’ 01 ™
0 0 1|60
10 0|
-‘5!_‘.5("» 0 1 0|48
Beihilo o0 1|60,

m,e36,;-=4a.m1-w;un.mmmmmwm”
,,mimmmsmmmwwcmmmm_

wailable machine time. (Ans.

mple-62) [Traffic Control

,mtwnmmmnowotmmmmmmm
mhmhbmmlwidmmy.mmh&thm
ruﬁ'\cﬂowonud:ono-mymd.md.thenwumanﬁcbn
wmincmdhnvinzmhinwﬁonnppmm-émd”
}mudevemnanuchhmdleuptomoombpmm

mmmthcmuimumupwhyotmmsmdm
mthMp«w.mﬂowdmhwwm

‘Nsinnludduchoftho{ourwom.
4th St. Sih St
300 ij

b Aver—ad200) T 180

.lcl )

“Avo.--»v”@ — .

700 400

0 Write a"péRera) expressiop, inyolving the rates of flow ¥y, X, X3, Xs and
: F L i .
SUGPESttwo possi flow pattaris dhat will AW ffafficceongestion. -
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b,

Linear Algebra

Suppose the part of 4th Street between 5th Avenue and 6th Avenue jg be
resurfaced and that traffic flow between the two junctions must theref(,r
be reduced 1o at most 300 vehicles per hour. Find two possible floy
patterns that will result in a smooth flow of traffic.

To avoid congestion, all traffic entering an intersection must also leaye that
intersection. Applying this condition 10 each of the four intersections i, ,
clockwise direction beginning with the 5th Avenue and 4th Street
intersection, we obtain the following equations : - :

1500 = xj + x4

1300 = x; +x;

1800 = x5 + x3

2000 = x3 + x4
This system of four linear equations in the four variables xi, xy, X, x; may
be rewritten in the more standard form

X + x4 = 1500
n+x  =1300
x,+x  =1800
 xy+x =2000 |
Using the Gauss-J ordan elimination method to solve the system, we obtain

1 0 0 1 |1500]. 1 0 0 115007

1 1 0 01300 R,-& (0O 1 0 -1 |-200

o 1 1 0]180[— [0 1 1. 0 |1800

0o 0o 1 1f200] [0 o 1 112000

' | 1 -0 0. 1 |1500]

R-R |0 "1 0 -1 |-200

o 0. 1 1 |2000

0 0 1 1 |2000

1 0o o0 1 |15007]

CR-R|0O 1 0 -1 |-200

— 0 0 1 1 2000

Lo 0o 0 o0 0.

The last augmented matrix is in row-reduced form and is equivalent to 2
system of three linear equations in the four variables x;, xz, X3, X4. Thus, W¢ -

- may express three of the variables-say, x;, x5, x3 in terms of x,. Setting Xs =1
- (ta parameter), we may write the infinitely many solutions of the system 2

x=1500 - ¢
X7= =200 —¢
x3=2000 - ¢

xX;=1

AVAILABLE AT
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IR LT T

i . .
e gt for aomeantng fl golygon, WE gy |, )
. ) ' ‘ ) )
‘,‘,,‘l‘ \y, nd Vi st allbe nonnegntiye and W!::«', 200 <. 000 4
A .-'l js 1000, For example, picking ¢ 300 givey Hw"l’;”m““ "'“luu-ity' (’p‘i"‘a
¢ ' it CHOW bat e ‘
S L A [ L

Ic«“i“’l [ “)0 ”,i\'(\q the nuw l’""("“\
W .
Doy 10000 X300 k= 1500y, - 500 (Ans,)

(his CASO, N4 must not exceed 300, Again, using the
ind upon Setng xy = 300, the Now pattern

W 12000 =100 Xy = 1700 k= 300
stained earlier. Picking £ = 250 gives the flow pattern

v = 1250 ’);'QH S0 Xy= 1750 x4 250 (Ans.)

resulty of part (a), we

(

A
:‘mﬁ"mcs en of Traffic Patterns] [DUH 2016)

" S, ot
~network 1n the following Figure shows a proposed plan for the traffic flow
md a new park that will house the Liberty Bell in Philadelphia,
nsylvania. The plan calls for a computerized traffic light at the north exit on
ih Street, and the diagram indicates the average number of vehicles per hour
tare expected to flow in and out of the streets that border the complex. All
xls are one-way. |

How many vehicles per hour should the traffic light let through to ensure
that the average number of vehicles per hour flowing into the complex is
the same as the average number of vehicles flowing out?

| Assuming that the traffic light has been set to balance the total flow in and
out of the complex, what can you say about the average number of vehicles
per hour that will flow along the streets that border the complex?

N . AR
200 Traffic : . 200 %
we ORg it iattaital 25
. Y A | : Y A
Market St, _; : N BERS
U1 G === 500 I S U SO
§ L'b"':’ £ " NY AV
T | BN | VYT S ' — 0
Chestnut St, N
A A
o0 ‘ . 600
() ‘ (h)

(Solution .

®) According to indicated Figure (b), we let x denote the number of vehicles
‘per hour that the traffic light must let through, then t.he total number of
vehicles péf'iig that flawein and out of the compleéx will be

Flowina i 500 4006007200 =700
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iiades Jngi 0

Since flows in and out are equal, we have
¥ 47004 400=1,700 of, x=600 (Ans.)

(h) To avoid traflic congestion, the flow in m
intersection. For this to happen, the followin

ust equal the flow out at eycp
g conditions must be satisfieq.

Intersection Point  Flow In Flow Out
A 001600 = qtn
B Xy 4 Xy 400+ x
C 5004200 = xtXa
D N+ Xy = 700

Thus. with x =600, as computed in part (a), we obtain the following lineag

system:
N+ X = 1,000
X3 + X4 = 700
Reduce the system to echelon form by means of elementory operations.
(X, + X -=1,000
Xy + %3 =1,000 Ly=L,+L;-
.4 . -x3.+‘x4= 700 [4 4 L3 L]]
: ‘ -x3‘+ X4 = 700
(X ;sz o e N 1’,000
O X; X :1,000
| X3+ Xy = 700

form and it has three equations in four -
finitely many solutions. Here the system
variable and also let x; =1,

The above system is in echelon
unknowns. So the system has in
has (4-3)=1 free variable. Let x, be»the free

telR.
Then we obtain

x5 =700~1, % =300+t x3=700-1, X4=! ()

However, the parameter { is not completely arbitrary here, since there are
physical constraints to be considered. For example, the average flow rates
must be nonnegative since we have assumed the streets to be one-way, 0

a negative flow rate would indicate a flow in the wrong direction. Th
being the case, we see from (1) that f can be any real number that satisfies
0<1<700, which implies that the average flow rates along the streets will

fall in the ranges

AVAILABLE AT

0.<_X1 S700, RO =

FAN

I

e, £, (0021 Bed hgasd FOO5 MRS 700 (Ans.) -
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