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In this section we start with the
basic functions we discussed in
Section 1.2 and obtain new

functions by

We also show how to
combine pairs functions by
standard arithmetic
operations + composition.
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= 1.3~ TRANSFORMATINS OF FUNCTIONS.

(A) VERTICAL SHIFT (UPWARD)

Suppose Dr = [a,b],R = [d, e]and ¢ > 0. To obtain the graph of:
(i)g(x) = f(x) + c shift the graph of y = f(x) a distance c units upward.

D, = , R, =

gx) =x*+3

Vertical shift upward

f(x) = x*

. g

= Rr =10
Dy =R Ry =10,) Ry=[d+ce+cl=___
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(A) VERTICAL SHIFT (downward) (i) g(x) = f(x) — ¢ shift the graph of
y = f(x) a distance c units downward

D, = i Rgz

,/ f(x) = x*

N

gx) =x*-3

- Shft downwavd
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S ===

(i)y = f(x —c) shift the graph of y (ii)y = f(x + c) shift the graph of y
= f(x) a distance c units to the right. = f(x) a distance c units to the left
f(x) = (x - 3)* f(x) = (x +3)?
Dp=___ Ry = Dy = R; =
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to obtain the gragh of:

y = —f(x) reflect the gragh f(x) y = f(=x) reflegt the g'fjagh f(x)
about the x — axis (vetrtical) about the y — axis (horizontal)

Nevtical ve'F\eC‘\“\vxg

) - R ) = —Jx fGO = V=x
=—— = D e
= [0,0) o
= [0, ) R=———=- =
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Example | Sketch the graphs of the following :

y=+vx—2 Shftleftor

Y= VX2 Shaft up ov down ¢ Fnt ?
I 7
. g T
vx — 2
D =——— — Ry =——— —
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Sketch the graph of x? + 6x + 10.

Exo«vvxp\e 2 )
Add and Abstract (E 6)?,
we get f(x) = (x + 3)%+1
Shift x2 :
Shift (x + 3)? : D =———— — ,Range =————— _
4
(x +3)%+1
3
2
1
(-3,1) X2
(x+ 3)
-G -5 4 3 = -1 0o 1 5 5
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EXQW\P\@ 2(a) Sketch the graph of (a)1 — sin(x).

Reflect sin(x) -----------—--
Shift (—sin(x)) : --------------------

sin(x)

—sin(x)

D=R, Range =———— —
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cos(x) if cosx =0

EXQW\P\@ 3(b) Sketch the graph of |cos(x)| = {_ cos(x) if cos(x) < 0

|cos(x)]

NN NN/ "\

Sn\_r/ 2 | n \_T/I | | Sn
-1

cos(x)<0, reflect about x-axis cos(x)<0, reflect about x-axis

Domain =———— —,
Range =————-— —
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EXQW\P\@ 3(c) Sketch the graph of |cos(x)| + 3

Shift |cos(x)]

|lcos(x)| + 3

VRV VARV AN

[cos(x)|
-1
Domain = R, Range =—————— —].
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EXQW\P\G 3(d) Sketch the graph of (d) cos(x — g )

2
(x—=)
cos(x ——
2
-2 Bci o B - 2 i i2
-1
cos(x)
-2

Domain = R, Range =————— _
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Extva
examp\es
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—_ Combinations of Functions -

= 2
— s
—=I

Two functions f and g can be combined to
form new functions f £ g, fgand f/g,f g
as follows:

(D) G+ @ =700 +g() fﬁ
\'FDf =A ,Dg = B thew

@ (f-9)x) = f(x) - g(x) @ Diyg =ANB
G) (1) SAC) (2) Drg=4nB
g g(x)
@ Dfjg =ANB —{x:g(x) =0}
@ Df og=Dfog N Dy
@ Dg of= Dgor N Dy
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Exavvxp\e7 @ feoglx) =
Let f(x) = Vx.g(x) = V2 —x.

Fwd each function and ‘s domaiwn

(a) f+g @ oo

[ _ (&) fof@=

g(x)

@ geogx)=
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Example 6 Example

W f(x) = x%and g(x) = x — 3. fx)=x2-1,g(x)=x—-1
fwnd fog.gef. Evaluate(g) (x), and its domain
So\ution Solution

R i
Don’t swv\P\\'Fy the function (g)
before co«\cu\a‘\"wxg the dowman.

\n gevxevo\\

x—1
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Exavvxp\e o) EXQW\P\Q 9
Find f o 91‘(’) hof f(x) =x/(x + 1), Given F(x) = cos?(x +9).
g(x) =x""and h(x) = x + 3 Find f,gandhst. fegeh=F(2)

So\ut
SRS Solution



Exevcise .
@ 3 units to the left

() Write the eq,ua‘\"\om for the
qup‘ns thot ave obtawed from the

graph of f as follows:

@ Shift 3 units upward @ Reflect about the x — axis

[ ] [ ]

@ Shift 3 units downward

@ Reflect about the y — axis

@ 3 units to the right




Exerchse (30) @ g () =

f(x)=v3—x,g(x) =vx? -1
Find f £ g, fg, f/g and their domains.

Solution
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29— 39 (odd) , 4l, 47
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