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Section 3.1 — Solving Systems by Graphing |0 <olve (necue 5Lj5éga s grap 2 \\L%,
Systems of Equations
A sysgem O; equations is 2 O¢ rmOre @quohmwith the same variables. To solve a system of equations, find the
ordeve s SN ! .
;, ouv  that =2 iche<  all the equations. There are four methods to solve a system: G rophing , Subshtp
U J

Eliminahon  ,and Madvices

Classification of Systems

We classify the  Solutions ofasystemby  fuwo _ different characteristics.
1. _Consistent or Tviconsistend

e Asystemis Consislent ifithas ot least one  solution

o Asystemis IvConsiStentifithas  Nno  solutions
= D€p€ﬂd€f‘+ or :f—*/\.ck ‘D@v’s(éfrt’}t

o Asystemis_Tndependent ifithas exactly one solution
! <

e Asystemis Dependent ifithasan infinite numberof solutions. (l'mqnij%!j r\ﬂr.‘gﬁ{\/

There are three possibilities for the number of solutions of a 2x2 system of linear equations:

Possibility: L Trdexsecth \;S Lines 2. Parattel Lines 3. Sarme

?_v,v@

What does it look -
like graphically? w
P S

< / \b rd < / /\LV >
4 1 n ‘_) '
R s One splwhon No soluhon Infiarely Many Soluh
ol
Classification? . , ' . ,
consistent Tndependent | Tnconsisient Consis¥ent Dependent
What happens When You solve, You qet | Lnen UOWU solve AU When vou colve Yo
. i 5 A = b
algebraically? one xX-yalue + gae V- value Ae + a false stntement aet o v state mond
e - Ux-3 2LXH¥5=2% v 5
Classifying a System without graphing: 5 # -3 =
—3x+y:4 False e
Without graphing, is the system 1 consistent, independent; consistent, dependent; or inconsistent?

x==p=I
/"’"? 37 —2xiy 4 Ly-!
= L 5 ! et

//' e  Write each equation in slope intercept form: m s ( ) 1 '\.\/

iv—g*‘g)

: K - l ‘
e Ifthe slopes are the same and the y-intercepts are the same then itis € onS\stent C, epe‘ﬂdff"ﬁ (Sa”"“:f v C,)

e If'the slopes are the same and the y-intercepts are dq LL exe v‘Tf' then it is inconsistent.

e Ifthe slopes are A fferent then it is consistent, independent.

", this system is_L-Nconsist€nt

oY)



A —] = .

Solve the system of equations by graphing. Mentally check your answers. Then describe the type of lines.

\/:mx’rb ¥ o
= u 7 T yan =

1. x=2y , 4 3. y+5=2x
K= | 7~
5’2‘4 2x-y=6 EEEEP i 4x-2y=4

RESTRE P /1

i e
: —2x -6 VXTI Y

=

T

\

|
T

Solution (L1 | 2—) solution Tnfiniiely Many, Solution ¢ no sol ‘/"\” ov)
4 : ) I (para Tled )
Classification CON S\ 5‘\{%\-\‘ Classification (0 nsisdent Classification 1NCONS| e nt
Independev\’r De pendent
Db jecHive!

Section 3.2 — Solving Systems Algebraically "0 solwe syprems a\@e/b‘(m\'m\%

e Solve the system of équations using the Subsh+uh0n  method.

bx- & (%% +3) =-24

4 -8 =45
loX —bx =24 =-24 x 2(2)( ) '

2. 6x-8y=-24 3. y+5=28—> y £2x-5

S T Hy -y +10 =4
0 =0V True |O:f‘-] False
Ir\%‘m-\—dﬂ o
X =22 . many sol whons NO Solwron
¥ = 4 H \H‘on ' (Li 1) Consistent TInconsisteny
Lndepenr’zrdf :
Sx +2y -3(-4) = e +2y -5 X-(8)-()=H
5\<+2y+\1--5 54 -H0+2y="5 x-S =4
6)(-\.’2\/_ "%»—._?2_6’ X’\’-*L{
% = =5

o2

e Solve the system of equations using the _E Liminaghon _ method. Be sure to check your answers.

1. 3x-2y=2 2. sm@ — 5(3)=4- Bx 3. 2x'+/6y_10 2x)
2(2x4y=13) = 2(4)+y=13 ~3(5x+7y=6) 5.4 6x=10L9y
Hx12y:20b B4y~ 12 &(Zx+5y = ‘-D Ty 3% +by = o)
Bx-2y=2 "% IV IINES e 2(bx + 4y = 10)
: |5)(425;£:20 b 9 '\2%—|8y:—30
] =B Rx |y =20
O =10

no soluhon
'NCON ST



Section 3.3 — System of Linear Inequalities

bojechve: To solve & systenm oF 1Neq Obudﬁ’fe'is

System of Linear Inequalities:

shaded veqions
J

To =o\W2  asystem of inequalities, we need to find the ovdered pei(s that sohshy all of
0 ik ' Q

of the graphs of the inequalities.

4o  eauotons  inthe system. The aoludion et is represented by the wevsechon of
U

Graph the Sg\jﬁ e of Iwequu ohhes.

1. y<—%x+4

y=2x+1
) 7
am /
V//g\
/""f/ \l
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2. —4<y<3
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For cach inequality:

1. Graph the \ooumd&"# line.

2. Determine whether the boundary
lneis_soltd  or_dashed .

3. \\‘% Ml!&F the half-plane.

Darl4én  the overlap of the
shading for all of the inequalities.

4. Write the system of inequalities from the graph.

y<2

ol

Ky

W) Sk
g

X




Objechve: To solve veal world problems Using
Section 3.4 — Linear Programming ~ xnedr peo gramniming .

Linear Programming is the process of Andin 4 Maxinum and Minimum JalVWLS of a function for a ve(_j\'fm

defined by | neq ualihesd . The |ne [é\' aliheS arecalled C onshraints. The jntérsection of the graphs are

called the Fedsible pe ﬁt‘on . The MNAX and MiN of velated Hunchonalways
occurs at a \[@ r+£ X (covrer I(:)D yvh %\, ofthe fedsible yar q&
Example 1:

A small company produces knitted a beanies and sweaters and sells them through a chain of specialty stores. The company is to
supply the stores with a total of no more than 100 beanies and sweaters per day. The stores guarantee that they will sell at least 10
and no more than 60 beanies per day and at least 20 sweaters per day. The company makes a profit of $10 on each beanie and a

profit of $12 on each sweater. i P

a) Write a system of inequalities to represent the information.
Let x = # of beanies
y = # of sweaters

X+ Yy €100 —> | < -X+/00

DLREHO] ir=rr
b ¥30

v

NS

0%

These inequalities are called Consira ints .

(K) sxyvams 30 AW U =

50 ‘)’* \ N
>/<‘ Wi \&%\\
b) Graph the inequalities. {jﬁ\&g%‘%
: s p as il < L3
Use x and y intercepts when possible. S : =¥ ~
‘ 10
The solution (shaded region) is called the Feasible yeq!on
= 110 50 L |

¢) Write a function that represents the profit earned. P(x, y) = _[0X + [ ’2;[ v + of ‘oeantes (X)

This is our_0be¢ Hve Funchon . Anobjective

function can represent many things. The goal of linear

programming is to maximize or minimize the objective function.

szuﬂ'

d) The Corner-Point Principle states that the MAX or__MIN values of the objective function will occur

at one of the vertices of the feasible region. Identify and label the vertices in your graph. List them in the table below and
calculate the profit at each one.

Vertex Obj. Function: P(x,y)= 10X t1Zy

(I0,20) | P(10,20)=10(10) +12(20)= $30 —

- - 10010) + 12(ap) = 4 1&0 If you can’t read the vertices from the graph, decide which
(IO, q O) P( 10,9 D) ( ) ( ) two lines are intersecting and solve algebraically (use
( bOf’,O) P (10 ,?.0) : \D( bf(.) + lz(q,o) = § (080 substitution or elimination.)

(40, 40) | P(60,40) = [0(k0) + 12(up) = $8YO

How many beanies and sweaters will give the maximum profit? |0 beanies + 40 sweatexs

What is the maximum profit? ﬁ \13D




Example 2:

A clothing factory produces casual shirts and dress shirts. No more than 1000 shirts can be made per hour and production costs

may not exceed $8400 per hour. It costs $3 to make a casual shirt and $12 for a dress shirt. The profit is $0.85 per casual shirt
and $3.00 per dress shirt.

. Casual shirts | Dress Shirts | Constraint
Letx = # Casua) shirts i » g Uik o
y=# dress shirds cost SX 4 1Y £ 8400
Pofit . 85X 2y —

a) Write the constraints.

‘XEO}

X+ Y £1000 - [y £ -x11000]

Al Sk R o :

1oee

A ey
b) Graph the feasible region I \ NN
1 5 SO0 i.\‘. Y
v N -
\ N R I
N\
N W 3
\ \\ "
1008 :
c) Write the objective function. P(x,y)= - $oX & 3\/ O\ 5 N
] 200 70D 2

Vertex

Obj. Function: P(x,y)= .25% + =),
(0,0) |P(0,0)=,85(0)+3(p)= ®o
(0,100) | P(0,700) =, 85(0)+ 3(700) = $2100
(400, 1600) [P(:100, L0) = .25(40B) + 2(60D) = $2|4D
(1000, o) |P(1o00,D) ,85(lomp) +3(b): ¢ 80

d) How many dress and casual shirts need to be made to maximize the profit? What is the max profit?

The factory should make 00  casual shirts and UOl 2 dress shirts for a maximum profit of :U Y D.



Db)ective To solve sysiems in

; ; o : « o suloshiwhion
Section 3.5 — Solving Systems of Equations in Three Variables % voriakles Using subost
' ond eliminahon

Equations of Three Variables

Equations with 2 vowvio\ules usually have the following variables: %, N 2 . The c}(gphicz’a\
-

\(e,pre‘s‘eﬂ)m%m of a system in three variables to the Powex of | isa p\ ane . Below is

graphical representation of the  Soluhons of a system in three variables.

One. —iDy

S \A—“"{ - - fey Y
ol o\ s 'Lnﬁ\nxw\j Mp“‘ lt\j L;)D\UV‘\’\TEVX;J

(The planes : T ok
Jerseil gk (e planes ndersecy o

\ 1\ ) o &

oneg. Cominmnen, all +he points n\cw\g

Pm"r\*) a Comwmen l\v\‘l)

< No Qoluton

(ND “Q'C’\'f-\w \;(- e Al i

’{-’E”‘" nes )

Solving a System of Equation in Three Variables

v

Solving a system of equationsin_ % JayialbWs is very similar to solving a system in ) -~ /A« YR

Again there are 1 WA < 1o solve a system of three variables: oroph <ubs eliminahsn |, and
8} g \ ¥ 7

matrices . We will focus on only two of these methods — subshtuhon+ elimmahon

(& e\ven "W‘*‘“B
Example: Solve the following system by substitution.

@-32 s Syua-y SNz Y1) x= -3(-2)
A |3 — U =) B 2 4 " .
X+y=—2z [F22 +5y:-4] - 6\1—4,\0
18<x+5y+z=4 2 B
o 53z ==10b 3(6)+ y-2(-2)=22
® 3(32)ry-22-22 53 53 18 £y 1422
# Loy - 2 o
-9z 4N-22:22 __Z 22+ 22?:2
al Tk )
Examples:™ Solve the following systems by the elimination @
T g S
E. 2x+3y—-2z=-3 2. 2x+y-z=5
x+2y—-2z=-13 x+4y+2z=16

O Separ ake paper



1S

_, | ]
1 B x[-2yls [2]= 1
y @«~x+wf\uNmunw
@ L%+ l2yl- bel= }3
(_.W_N‘X\N/.Twmn»_, (B W+ 2y - 230 | 2] ||
Xty — 2= |3 X|ri2y ~R2lF 113
2x| — Hyl+ Pz = 12 12x| -2 v P2 %
Rr_%‘/\\\\mm %- ..!.X\J\“I_O
— = g
@@W Q=h 72 2 4(N)-y=15 | @A) -2(a)+z =)
i m\vn J.\nl_c,vl_ ;L!J\n.l 5 o | flz2i= 1]
XL +NF L0 i | - | 417 +17
nﬁw - 23 SNEES | 77
&L= =il | : 1
=4 (14, 14)]
AROIIET Byl+ 1 220- 12
S lox| ¢ i i
© Uxt Hy 422 = 1o | | |
@B sl By b2k a2] | | GGy e)2l | | ||
2(2x +y 1 2]= S | X Y2256
E K12y ~272 = \ UX 2y -2z 10 o i il
WX 5y =12 & SXtoy = 2k =l
(Fg=) (Axr5y#12) b # 5(2)rly=26| ) (2)+4(6) 422 71k
T (Gxx by = 2405 —{o ¥ lpyr2 b b 24422 b
Skix |+ 20y/= 72 N = 26 22 42% 7|
" = L (o 2 “+22 gy !
n b 2&-b
M |29 . 2 | 2
1P e | (2,10, -3) -2
|
|



WORD PROBLEMS

bbjective . To solve word proclems
etance , voke | time,

;nVD\\/;w\ﬁ ay i L "
[ “u e Mﬂw6
Ny wes, twﬁ? 35\5%1‘/\6 ot~ eg

Rate Word Problems. Review: distance= yoat2. x e

Write a system for each problem and solve using substitution or elimination method.
.

1. A boat travels 30 km upstream (against current)
in 3 hours. The boat travels the same distance
downstream in 2 hours. Find the rate of the boat
in still water and the rate of the current.

£

"\\

Letr= rede of oot

c= raxe of current

rate downstream= ( + &

rate upstream = — C

With the wind, a plane flew 1000 miles in 2 hours.
Against the wind, the plane flew 800 miles in the
same amount of time. Find the rate of the plane in
still air and the rate of the wind.

Letr= rate of e plane
w= rode of Flu wind

rate with the wind= ¢+ wo

rate against the wind= v - w

Rgte T BL. Rate Time Distance
downstream +C - i é) g T > 000
UpSToa o = = upwind y - W L= 800
20 2(b+q) D=2 ‘Cj)’c 1000 = 2(y +W) 800> 2(r- w) L
i - = < z - ™ The rate of The
I5=b+cC 0= b-¢ 500= v+ W 400 = ¥— W plane. is 4S0meh
i LA 500= Y + W 5
)O' b _C’ QOD" 7V ﬁ,v“d+m role u;
25=2b 500-USDtw "5 3 ru woind s SOmP
2 2 06 Ha boak ey =
12.558 N A = ik Y
ond +he rade
Mixture problems
Totel \/olum/Acgive voluuma.
1. A n.urse'(\;vibshed. to obétlaoin 8%0{;}/& a1 7% solt;‘;ion of " " % Tl
Led x=amount of 4% Hx +12(200%) '_5%00 127.| Solution 2 Y j2 A
g amount of 127, b “;Og i 2_"4';‘; R Mixture 200 7| seoo
x+y1800 ~> Y =800-X % = E0D Ml Y49, soluh'om = 500 mlL
h = 200 mL
Lx +12y = 5600 V= 800-S00 —> y= 300 ml 1297, solwhen
2. How much pure antifreeze must be added to 12 liters Amount % Total
of a 40% solution pf antifreeze to obtain a 69% solution? o057, | Solution 1 X 100 100X
Hint: Let x f Z 011: }}ters olfc‘ ggg/e ( IIOQ %) antifreeze 407, Solution 2 12 o 980
y =# of liters o o solution w07, Mixture v 60 oy
X+12=Y \DOX  Y&D = O(x+12) 7 :
, £ |o0%> solupon = @l
100X + 42D =60y IRORPED © BRTTI0 | Ltipay
HoX = 24D 009 soluhon: | 8|
; PE=y
X=b
| 3. Penny wants to buy 40.pounds of a mixture of nuts by TH Cost Total
W\‘l\"\q combining peanuts selling at $2.40 per pound with 5 T P S AE 40 P
o 70 cashews selling at $3.20 per pound. If the mixture costs I ea’r‘\\ : 2 :
$2.70 per pound, how many pounds of each type of nut C g ews C 2.20 | 3.20
s should she buy? £ Mixture 4o 2.710 | D8
—ZHO(FH—C:‘—IO) p *1S=4o
TR = I =2=51bs
28t + 200e= 08 il C=15 |bs of cashews

-2.40p - 2.40c = _q(,
.Q0C = L
c=1slbs

P =28 1bs of peanuts

IS



Define the variables (be specific), write 2 system of equations, and solve. Write your final answer in a

complete sentence.

5. Nick has $8 in nickels and dimes. All
together he has 100 coins. How many
of each type of coin does he have?

4. The difference between two numbers is 16. Five times
the smaller is the same as 8 less than twice the larger.

Find the numbers.

Letx= Smal\ um ber Let x = Numnoex of nichels

y= \O\f'ﬂ@f NN y= nuvenbey of Aimaes

y=X=1b > Y=E 1) yy=100 — X=100-y

i 4 -
sx = 2y7 e gt B wilily= B0 X =100~ 60
Sx=2(x+\b)-2 *'ﬂ‘"” % (100-y) + 10y =800 X =40
Sx=2% + 328 Ly=2¢ 500 - Sy +1DY = 800
Sx =2X ¥ 24 ; Sy = 300 b0 chimas
Zx=24 Y= b0 40 nickels
2k =

[x-8)

X ov 2lin i ate

6. Tom and Jerry have saved $4500 and want to invest it
into 2 accounts. One account earns 5% annual
interest and the other 9% annual interest. If they want
to earn $250 in interest per year, how much should

they invest into each account? T
Letx= @mount of § n e 5 acigunt 0aX % Dq\/ 250
= amount of # 1N the A account .05(1_\500,\/) + .09y = 250
275 - .(:)5\/ B .Oc\y =20
$ 025 into the amunt o4y =25
With 4%,  Ynderest,
2215 intv +the ateswnt \/:9(02/7

withh 597, inderest
% = Y4S00 - (p25

Y=43875



