ALGERGA ©-LIAIP. _LINKAR FUNCIIONS )

Definivions:
‘Llhbar anction: a iuntlon I 1s a linear functicn proviaed there exist real

numbers b ana m such that tor everw xdn tne aomain of 1,
“?]:5 G 1(x) =mx + b-
. ”“\’f..ﬁ (Remember the old slope-intercept iform: (ytmx+b)?)
3 /'/ “.h‘-//l\
’SXCP& of 3 Yine; AU (A o, ) and x 27, ) are coordinates oi any two points on a

nonwverti al llnb, then slope can be given by:
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Find the slope of tne tunctiona in each ol the graphs above,

2. Find the slope of the Iunctlon havipg these two pcints in two ways:
’ (1) plot the points, araw a line connecting the two points t5 and determine
the slope oi ths line bj inspection,
* (2) ‘solve for m algebraically

a) (2:4)3(5:7) e) (=3,~1},(~1,-3)
b) (-2,3),(L,5) £) (-2,5),(0,L)

¢) (2,1),(-3,L) : &) \(—2,.3‘),'(.-'5,3“)

d) ("3,Ll),(2,l) : h) (h,S)J ("2"‘1)

3+ Vhy could we not include a line containing the points 3 »=2), ana 3:5b in
question w27 :

L. What do you know about the monotonicity of a linear function having,

(a) a positive slope?
(b) a negative slope?

- More definiticrs:
Two non-vertical linss are parallel if they have the same slope. Aj

The converse of this is also true: (It 2 lines have the same slops then the
two lines are parallel)

o non~vertical lines are perﬁendicular if the proauct ot their slope is -l.[

e
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- (We call these negative reciprocals)
the converse also true.



EXRRCISE II = R (2)
1. Find the slope ci all lines:
(1) parallel-to-the.line containing these 1 oa:hs o1 po:.nts, and
(2) perpendicular to this line
a) (3,5)(L,7) A - e) (=2,-1)(=3,-L)
b) ("2:3)(14)2) d) (3:"‘2)(5:3)

-2, Classify the lines determined by the two pairs .of points as parallel,
perpendicular, . or neither one.

) (~2,7)(3,6):and «(h,2),(9,1) . . b)- (0,0), (~5,3) and (5,2),(0,5)
e) (2,5), (8.7) and (=3,1),(~2,-2) a) (5,3),(-5,-2) and (6,-2),(L,5)

3. Show that the ¢ _‘_‘xwhose verticles have the coordinates (3,2)(8,16) and (11,h)
is a right £).

Nouw let’s go back to the linear function:
i(x)=mx + b

If the domain oi x = z..xﬁg the graph oi the runction is a line hav:.ng the
slope m and intersectihg the y-axis at the point (0,b)

F=mx +Db, whenm ¥ o

m = slops ;

b = y~intercept
EYERCISE III

1., Find the slope of the graph oi these functions and
2. Determine the point at which the line would cross the y-axis.

a) y=3x+5 7 c) 2x+3y=3
b} g =-x-k | d) 3x -2y =
e) Tx -3y =h =

3. Graph the functicns having the given sJ.opes.axmd-y-dntercepts;’(Use.graph_ paper)

a) m=22"Db=1 ¢) m=-2 b=5
b) m=% b=-3 e) m=1 be=-2
c) m=-3 b=2 ' £) m=0 b=L

L. Give the equations of each of the runctions in #3.

5. Graph these functions by using the slope and y—-.ntercepu of the equation.
(Do not-plot any points other than the y-intercept and tne point found from

the slope).
a) y=3x+2 d) .23_§+3.Y"‘9
b) 2y =Tx + 6 e) 5x -2y = 8

c)x+y'-7 £) 3y = 5x
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6. ~ Find the equations of the lines meeting these conditionsr
~a) y-intercept = L ; parallel to the graph ol 2y~-lx=7
b) Ty<intercept = -2; perpendicular to the gréph of 3y=9x+2
= ~c¢) y-intercept = 7 ; perallel to the graph of 6x+3y=h
d) y-intercept = ~1; perpendicnlar to the graph of x-ly=13
v, e) psssing through (3,-1) ; parallel to the grarh of 2x+ly=T7

f) passirg through (L,3) ; - parpendicular to ths graph of Bx+ly=11

Special Cases of linear functiomi: ,
A, Constai funciion - If meO, the polyncmial y=mx+b is equivalent to b.
: Tha function £ with f£(x)=b is the constant function.
If ibs domain is(, , the graph of £ is a horizonteal
o : : line ¢hrough the peint (o,b). % SN
B. Direct variation - (alse called the multiplring function) -~ the special
: case of the linear functien y=mx+b when b=o. The
function y=mx expresses direct variation, that is
‘ : y variess directly with x (or y is directly proportional
i : : to x) because the ratio}é is a nonzero constant. This

constant, called the constant of variation or the

constant of proportionality or a parameter can .be .-
represented by m or, as is most frequently done, by k.

Let f be the function whose ordered pairs (x,y) are given in this table. Observe
‘that the,—quotient,.-vor,_ratio_% for every pair of numbers is the same.

.
i X b 2
21 1| -2 f -2
%“f‘ﬂ‘oryc-—lx 4 4
- ; . E Lt L -1 —i
the constant of variation is -3 (k=<3
» 04, B 1ol 2
e | 5
=19 3 | -3
*

The graph of every direct variation with domain [a-is a line that has slope m and
passes through the origin, . '

NOTE: the—constant—function - the_direct variation-= ths linear function.
f(x) = b
g(x) = mx
&‘{ré} (x) =mx +Db

EXERCISE Iy~
1. Craph these constant functions:'
a) y=3 b) y=-2 v
2, Given that p varies directly as q and that the value—of p is 5 when the value
of q 1s 10, find:
a) the constant of variation
b) the valne .af p.when 28_is_the value of-q

-



3. State whepher these funtions are linear or not. If thd funtion is leinear,
- is il a direct..variation?

a) £(x) = 2x +1 | d) £(x) = 1/x
b) £(x) = 3/lx - o) £(x) = 5
¢) £(x) = 2x° £y 2(x) = ~x

L. Assure that y varies direc tly as x
a) Ii' the value of y ic 120 when the value of x is bO flnd the value of y
vien x has the value of 13,

%) If y ic é when x is §2, find the valve of x when y is 17.

5. Show that the set of oxieraed pairs

Z (ll,,—2:l‘, (5:"?- ;é): (6:"3): (,7:“3}':’.): (Ba"ll)j
is an example of -direct varia’ion. Find the constant of variation,

Defiriticn; A zero of a J"umz on is any rumber in the domain which makes the value-
(T the funtion egqual 16 Xero ;
To find a zero of* the fundtion, set f(x) = 0 and solve for x.

. Exarple: Given that f(x) = x—r12 s f£ind a zero of the funtion..

Solution: : ;
: £(x) = 3x=~12

3x=-12
3x

L
meck: £(L) = 3\11)"*2 = g ‘/

12 ' '/"

nonn

‘7

EYERCISE ;
1) ¥Find a zero of these function;

)
a) £(x =ﬁx+z ' b) £(x) =eo2x + by

2) FPind the vajus of the funcition fSlor each element of the given set to determine
which of the elements are zeros of the function.

‘a) £(x) = x+5 [0 B L
"b) fix) = 3x-T7 27;’012;1/3§
c) f(x) = 2x-16 0,2,8 e

3) How do you determine the y—lntercept of a 1:z.ne? What is its relationship to
what we're doing here?

-~ THE DISTANCE FORMUL4 -~

Iet's review the Pythagorean Theorem:
Ina r.ught triangle; the square of the length c of the hypotenuse is equal
tg um of the squares of the lengths a and b of the other two sides:
+b"*c”. Remember thePconverBe is also true.
/N
20%y2) To find the distance tetween P,add Po we

’P" @/ construct a right triane’e with th1ese points:s
Y T(xl\j\ L& Pz apd the third vertex of

')




the /\, T, has the coordirates (%5,¥1). Since F{,and P;T are parallel to

“the-coordinate axes, thelr lengths are ’x?-xll and } 2_},1’,];,5 ttwiie 7
e distance from Py to P2")

Then, by the Pythagorean-Theorem,.d(P;,P>) (read !
satisfies
R Y { 2
s < nf? e

= (xp-x; 2 + (¥o-v1 !

Since dlstance is a nonnegative number.

-a_-%,._.. e & SEASTRA W ASF UATI VO J

DISTANCE FORMULA: |
: & 5 oy
c.l (Fp,P 2) ‘*/ (p-x1)" + (y2 -y1) ‘

THE MIDPOIN; FORMULA ~= . The coord:i.naoeo of the midpoint M(x,y) of |

'EXERCISE VI
1) In each of these exercises, find

a) the length of the line segment with endpoints as given and

.b) the coordinates of the nmidpoint of the segment.

Express all radicals in simple form.

a) (2,-1) and (5,3) 1 o) (-1/2,6) and(-1/2,-4)
| b) (3,-5) and (4,6) £) (1,2) and (7,10)

c) (3,5) and (-1,5) g) (3,-1) and (4,-3)

d) (4,6) and (L,22) ~h) (4/2,1) and (34/°2,2)

"'\TI'?S}:. OF A FUNCTION

A,

=3
iJe

Ce

E\rery linear function has an inverse except where m = O.

A linear function and its inverse both graph symmetric with respect to y-=
If you graph a function and its inverse and comnect arny two corresponding
points [ (x,y) and (y, x\J the midpoint of that segment will be a point on
the graph of y = / i

If -a-dinear function is monotenic increasing. its inverse is also incr easing.
The same holds truefvr decreasing functions. These "albu hold-true_for all

_functi ons.

4
BERCISE VIT

1.

Find the juversea af thesa functions :
a) y = 2x45 : c) y = -2x+5

b) ¥y = 3x+10 : d) y = 6x-}
e) ¥ = Tx

&



2.

3.

: 2 (6 -
a) Graph the function y = 2x + 1 )

“Draw 3 1ine segmonts, comnecting correSponding>Foints.
Draw the y=x axis of symmetry in the same plane. - Does it bisect your b
three line segments from (c)? )

Check the monotonicity of these functions and their inverses.

) y=msk : ‘e) y=a3x+l

b) y = hx -2 d) y =-x -5

z§ Qraph its inverse on the same coordinate plane

BEHAVIORAL I®JRCTIVES

it 4 P © m———

1.

2.

Defire; linear function
slope :
zero of a function

Given z linear eguation:
a. determine its slope
b. determine its y-intercept
C. determine the -ero of the function
de grzph the line :
C. write the ecuation of a line parallel to the given line
f. write the equation of a line perpendicular to the given line
Pescribe the relationship between the slopes of:
a. parallel lines : b. perpendicular lines
Write the ecuation of a line when given:
a8, two points on the line
b. y-intercept and the slope : N
C. any point and the equation of a line parallel or perpendicular to the line
Write-the equation for direct variation. o7 ' , L
Given a direct variation ecuation, determine : £
a. its graph
b. the constant of proportionality :
c. the value of a coordinate of any point when given the other coordinate

and the ccnstant of variation »
Given two points, find
a. the distance between the two points
b. the midpoint of that segment
Given a linear function, determine
a. 1its range ;
b. 1ts domain
¢, 1ts inverse

'd. the graph of the function and its inverse

1. Check your behavioral cbjectives - can you do them all?
2. Take the Trial Run :
3. Take the test.



" LINEAR FURCTIONS

EXJARCISE T

b)'~1

Joa) @
e a)l \b.) 1/3
g) O h) 1

L. a) increasing
EXERGISE I1I.
1. &) <25°1/2

2. a) parallel

b) -1/6, 6

b)parallel

‘4“—‘7.&

. AKSWERS

¢) 1/3 d) s2¥3 oot {fa) 0
c) =3/5  d)-3/5 ) -1 £) -1/2

. . §
3. Slope is undefined due to division by zeros
b) decreasing

3

) 3, -1/3 a) 5/2, -2/5

c) perpendicular 'd) neither.

3, The -side determined by (3,2) and (11,L) has a slope of 1/k. The side
determined by (11,4) ard (8,16) has a slope of -L. Hence, the linee are

perpendicular.

EXERCISE III

1-2, a) 3, 5
SN 6
h.,a)'y =2x + 1
a)y = ~3x/5 + 5
6. a) y = 2x + I
a) Ve -Ix -~ 1

EXERCISE IV

2. 8)% b) 14

Lo 2)39 b) 119

By.<1, <
e) 7/3} ")-I-/B
b) ¥ ="2x/5 - 3

c) "2/3,9~ >

) ¥y = =3 2
£)y=1b

c) y =-8x & + 7

1

ey y =x ~ 2
b) ¥y =(-1/3)x - 2
e)y =-x/2 +%- fy=%x+1

3. a) linear; b) linear, direct variation
c) not linear- d) not linear e) linear
£) linear, direct variation

S. ¥y = -5 %. The constant of variation is ~.

EXERCISE V

10 a) "’2/5-‘

EXERCISE VI. ;
)

ey a) 5, (1/2
o 20, {eul) (8 20

XXERCISE VII

1. a7 =[x~ 5)/2
d) y = (x + 4)/6

2

) 2
"3. et y = 0 and solve for Xx.

LY

) 2.2)-5°  b)7/3 c) 8

The X-intercept is the zero of the function.

b)\hzz5 ey h5” €1,5)._d)y'16; (4,1k)
g

7/2,1/2)
h) 3, (2J5: 3/2)

2,1)
s ( 5, (1/2,-2)

l,6)

o

b) y = (x = 10)/3
e) y = x/1.

g (5 Gl

3. a) and b) are increasing.
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CAIGEBRA & " LINBAR FUNCTTONS = TRIAL RUN

I.

II.

g8

iv.

7+ X~inbercept of the
8. Slope of the line parallel

9. Slope of the line

Define: a) linear function b) slopec of a line
¢) dircct variation - d) zero of a function

Give the following information for each of these linear functions

y=7x~3 _éx + 3y = 12 3x - 5y = 10

1. slope of the line

2. Y-intercept of tae line Y o

3. monbtonicity‘of the line

L. zero of the  function

5. inverse of the function

6.“monotonicity of £~1

ordiginal line

to the graph of f.

LT

perpendicular to the grdphe’
of £.

Give the following information for the functions containing the given points:..

a) (2,5); (3,8) ) (-2,l); (-5,-3)

1. the equation of the line:

2. length of determined segment

3. midpoint of detefmined segment

£(x) = 3x - 2. 1. The aomain'qf £ is N o

"2+ The rangé of f‘is- : i

3 27 (x) = _

. Grapﬁhf dnd £~ on the same coordinate system.

]
5 wat_symmetry exists between the graphs of. f and 1o

1. Write the equation of the line which hag a slope of 5 and.Y-intercept L.

2. Write the equation of the line which has a slcpe of 3/L and Y-

intercept -2.
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- nd ke a it
v’ » Conaslder tho lino AB with equation ehx » 2s Writo tho cquation ot the

_ & :
line cb which containg the point (3,7) and 38:
3 :

& £l . : d""")
&) parallel to AB b) porpendiculat to AB.
“¢II. Write the equation for direct variation
a) Vhere the conatant of varaation 15 Bl
b) For the linear function having the points (-},2) and (~2,1).
VIII. Given that b vardes directly as q and the value of p is ly when q is =12,
a) find the cons’ant of variation.
b) faind the value of p when the value of q is =-1lk.
ANSWERS:

Ts oo L. A0

IIo l., 7, "2/3; 3/5 5 2. "3’ h} -2
3} increasing, Gecreasing, increasing L. 37, & 1073
S x4 3, el ¢ 6, (10 ¢ 5x)/3 6. Inc., dec., inc.

743/, By 3003 8. 7, -2/3, 3/5
‘gt fl, 32y -5/ Rl

’

s 4"y = 3x - 1, y = (7x +26)/3 e 2. JTO: J?i;

(502, 3900 (~1/2, 1/2) |
V. 1. A1 real nuambers 2. Al reai numbers = 3. (x + é)/3
3¢ (x +2)/3 ' S e thio dinex =y il /ﬂ{;tiﬁ
v. a) y=5x +h b) ¥ = 3x/h - 2 . : - | =
-3, » ' et S5 5 : ,//"//ig?i:;:r
weng o b b))y = -x/5 + 38/5 RS 5 AR
VIT. a) y = 17x b) y. = ~x/2 ' ‘f’//,,/ m/ : :

S{II. a) -1/3 S b) W3
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