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Functions by formulas

X+3 Find £(7).
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7
@ Let f(x) = v/x2 4+ 2x. Find f(4)

O Let f(x)
7

O Let f(x) = x* + 3x. Find f(5)

Q Let f(x) = x* + 3x. Find f(a)
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Q Let f(x) = 5
ERE

@ Let f(x) = v/x2 4+ 2x. Find f(4)
f(4)=vV42+2-4=+16+8

24 =26

O Let f(x) = x* + 3x. Find f(5)
f(5) =52+3-5=25+15=40

Q Let f(x) = x* + 3x. Find f(a)
f(a)=a’+3a
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o

(2]

Let f(x) = 5
-8

Let f(x) = v'x2 + 2x. Find f(4)
f(4)=vV42+2-4=+16+8
24 =2\/6
Let f(x) = x> + 3x. Find f(5)
f(5) =52+3-5=25+15=40
Let f(x) = x* + 3x. Find f(a)
f(a)=a’+3a
[ 3x+2 forl<x<3
Let f(X)i{ x> —x for5<x<9
f is a piecewise defined function!
Find f(2) =
Find £(3
Find 7 (4
Find f(
(
(

Find f

)=
)
5) =
7=
Find £(1) =
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Let f(x) = £}, Find £(7). y
F(r)=12 Z10 s 0 f(x) =
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h
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o Step 3: Find M
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M

Q Let f(x) = x% — 5x.
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f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1: f(x+ h) =
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1. f(x+ h) =(x + h)?> —5(x + h) = x> + 2xh + h®> —5x — 5h
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1. f(x+ h) =(x + h)?> —5(x + h) = x> + 2xh + h®> —5x — 5h
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1. f(x+ h) =(x + h)?> —5(x + h) = x> + 2xh + h®> —5x — 5h
o Step 2. f(x + h) — f(x) =(x? + 2xh + h?> — 5x — 5h) — (x? — 5x)
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
@ Step 3: Find 7'((”",)74(’()
Q Let f(x) = x% — 5x.
o Step 1: f(x + h) =(x + h)> — 5(x + h) = x? + 2xh + h?> — 5x — 5h
o Step 2: f(x + h) — f(x) =(x? + 2xh + h? — 5x — 5h) — (x? — 5x)
= x2 4+ 2xh+ h? — 5x — 5h — x2 + bx
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1: f(x + h) =(x + h)> — 5(x + h) = x? + 2xh + h?> — 5x — 5h
o Step 2: f(x + h) — f(x) =(x? + 2xh + h? — 5x — 5h) — (x? — 5x)
= x24+2xh+ h? — 5x — 5h — x2 + 5x= 2xh + h? — 5h
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1: f(x + h) =(x + h)> — 5(x + h) = x? + 2xh + h?> — 5x — 5h
o Step 2: f(x + h) — f(x) =(x? + 2xh + h? — 5x — 5h) — (x? — 5x)
= x24+2xh+ h? — 5x — 5h — x2 + 5x= 2xh + h? — 5h

o Step 3: M =
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1: f(x + h) =(x + h)> — 5(x + h) = x? + 2xh + h?> — 5x — 5h
o Step 2: f(x + h) — f(x) =(x? + 2xh + h? — 5x — 5h) — (x? — 5x)
= x24+2xh+ h? — 5x — 5h — x2 + 5x= 2xh + h? — 5h

o Step 3: f(XH’):f(X) :2”’*772*5” = h'(2’<4;h*5) =2x+h-5
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Difference quotient

For a function y = f(x), the difference quotient is defined as

f(x+ h) — f(x)
h

@ Step 1: Find f(x + h)
@ Step 2: Find f(x + h) — f(x)
o Step 3: Find M
Q Let f(x) = x% — 5x.
o Step 1: f(x + h) =(x + h)> — 5(x + h) = x? + 2xh + h?> — 5x — 5h
o Step 2: f(x + h) — f(x) =(x? + 2xh + h? — 5x — 5h) — (x? — 5x)
= x24+2xh+ h? — 5x — 5h — x2 + 5x= 2xh + h? — 5h

o Step 3:

f(x+h)—f(x) _ 2xht+h?>—5h _ h-(2x+h—5) _
h =2htht=sh _ 2220 —9x+ h—5

@ Find the difference quotient of f(x) = x* 4 8x
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Difference quotient (quadratic polynomials) - exercises

Find the difference quotients of the following functions.

Q f(x) = x*+8x Q f(x)=3x*-2x—5
9f(x):x2—3x+7 ef(X):*5X2*X+9
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Difference quotient (quadratic polynomials) - exercises

Find the difference quotients of the following functions.

Q f(x) = x*+8x Q f(x)=3x*-2x—5
f(x+ h) = (x+ h)* +8(x+ h)
=x?+2xh + h* + 8x + 8h
f(x+h) = f(x) =
= (x* +2xh + h* + 8x + 8h) — (x* + 8x)
=x*+2xh+ h? + 8x + 8h — x> — 8x
= 2xh+ h* +8h

=2x+h+38
9f(x):x2—3x+7 ef(X):*5X2*X+9

f(x+h)—f(x) __ 2xh+h>+8h __ h-(2x+h+8)
h h - h
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Difference quotient (quadratic polynomials) - exercises

Find the difference quotients of the following functions.

Q f(x) = x>+ 8x
f(x+ h) = (x+ h)* +8(x+ h)
=x?+2xh + h* + 8x + 8h
f(x+h) = f(x) =
= (x* +2xh + h* + 8x + 8h) — (x* + 8x)
=x*+2xh+ h? + 8x + 8h — x> — 8x

=2xh+ h* +8h
f(x+h)—f(x) __ 2xh+h>+8h __ h-(2x+h+8)
h - h - h
=2x+h+38

Q f(x)=x*—3x+7
f(x+h)=(x+h)?=3(x+h)+7
=x*+2xh+h* —3x —3h+7
f(x+h)—f(x) =
=(+2xh+h —3x —3h+7) — (x* —=3x +7)

=2xh+ h*> —3h
f(x+h)—f(x) _ 2xh+h*—3h __ h-(2x+h—3)
h - h - h
=2x+h-3

New York City College of Technology CUNY'
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Q f(x)=3x>—-2x—-5

Q f(x)=—-5x>—x+9
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Difference quotient (quadratic polynomials) - exercises

Find the difference quotients of the following functions.

Q f(x) = x*+8x Q f(x)=3x*-2x—5
f(x+ h) = (x+ h)* +8(x+ h) f(x+h)=3(x+h)?—2(x+h)—5
=x?+2xh + h* + 8x + 8h =3(x*+2xh+ h?) —2x —2h -5
f(x+h) — f(x) = =3x®+6xh+3h —2x—2h—5
= (x* +2xh + h* + 8x + 8h) — (x* + 8x) f(x + h) — f(x) = 6xh + 3h* — 2h
= X 4+ 2xh+ B+ 8x + 8h — x* — 8x f(””l)’* fd — 6X”+3:2—2”
=2xh+ h®> +8h :M:ﬁx+3h72

f(x+h)—f(x) __ 2xh+h>+8h __ h-(2x+h+8)
h h h

=2x+h+38

Q f(x)=x"—3x+7 Q f(x)=-5x—x+9
f(x+h)=(x+h)?=3(x+h)+7
=x*+2xh+h* —3x —3h+7
f(x+h)—f(x) =
=(+2xh+h —3x —3h+7) — (x* —=3x +7)

=2xh+ b —3h
flxcth)—fF(x) _ 2xh+h>—3h _ h-(2x+h—3)
h - h - h
=2x+h-3
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Difference quotient (quadratic polynomials) - exercises

Find the difference quotients of the following functions.

Q f(x) = x>+ 8x
f(x+ h) = (x+ h)* +8(x+ h)
=x?+2xh + h* + 8x + 8h
f(x+h) = f(x) =
= (x* +2xh + h* + 8x + 8h) — (x* + 8x)
=x*+2xh+ h? + 8x + 8h — x> — 8x

=2xh+ h* +8h
f(x+h)—f(x) __ 2xh+h>+8h __ h-(2x+h+8)
h - h - h
=2x+h+38

9 f(x):x2—3x+7
f(x+h)=(x+h)?=3(x+h)+7
=x*+2xh+h* —3x —3h+7
f(x+h)—f(x) =

=(+2xh+h —3x —3h+7) — (x* —=3x +7)

=2xh+ h*> —3h
f(x+h)—f(x) _ 2xh+h*—3h __ h-(2x+h—3)
h - h - h
=2x+h-3

New York City College of Technology CUNY

MAT 1375 - Precalculus

Q f(x)=3x*-2x—5
f(x+h)=3(x+h)?—2(x+h)—5
=3(x*+2xh+ h?) —2x —2h -5
=3x®+6xh+3h —2x—2h—5
f(x + h) — f(x) = 6xh + 3h* — 2h
f(x+hl):f(x) 6xh+3:2—2h
= MOA3=2) — 6x 4 3h -2

Q f(x)=—-5x>—x+9
f(x+h) = —5(x+ h)> — (x +h) +9
=-5(x>+2xh+h?) —x—h+9
= —5x* —10xh —5h* —x — h+9
f(x + h) — f(x) = —10xh — 5> — h
f(x+h)—f(x) __ —10xh—5h>—h
h - h
_ h‘(—IOxh—Sh—l) — _10x—5h—1
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Difference quotient (polynomial, rational, square root functions) - exercises

Find the difference quotients of the following functions.

0 f(x)=x* o f(x):ﬁ

Q f(x)=+v2x+3

0 f(x) = 3)(274
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Difference quotient (polynomial, rational, square root functions) - exercises

Find the difference quotients of the following functions.

0 f(x)=x* o f(x):ﬁ
= (x+ h)(x+ h)(x+ h)
= (x> +2xh+ h*)(x + h)
=x3 4 x*h + 2x*h + 2xh? + xh® + h*
= x> +3x%h+ 3xh* + h*
f(x+ h) — f(x) = 3x*h + 3xh* + h*
Flth)—F(x) _ 3x2h+3hxh2+h3

h
_ hv(3x2+:xh+h2) =324 3xh+ h

Q f(x)=+v2x+3

09 f(x) = 3x274

New York City College of Technology CUNY MAT 1375 - Precalculus

2. Functions via formulas 5/8



Difference quotient (polynomial, rational, square root functions) - exercises

Find the difference quotients of the following functions.

0 f(x)=x* o f(x):ﬁ
= (x+ h)(x + h)(x + h)
= (x> +2xh+ h*)(x + h)
=x3 4 x*h + 2x*h + 2xh? + xh® + h*
= x> +3x%h+ 3xh* + h*

f(x+ h) — f(x) = 3x*h + 3xh* + h*
f(x+h)—f(x) __ 3x2h+3xh®+h3
- h

h
_ hv(3x2+:xh+h2) =324 3xh+ h
, Q f(x)=+v2x+3
0 f(x) =357
2 2
Fx+h) = spahy=2 = so3p=a

f(x+ h) — f(x)

T 3x+3h—4 = 3x—4
__ 2(3x—4)—2(3x+3h—4)
(3x+3h+4)(3x—4)

6x—8—6x—6h+8
(3x+3h+4)(3x—4)
— —6h
= Bx13ht4)(3x—4)
F(x+h)—f(x)
h

_ —6h
= h-(3x+3h+4)(3x—4)

= (Bx13h+4)(3x—4)
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Difference quotient (polynomial, rational, square root functions) - exercises

Find the difference quotients of the following functions.

0 f(x)=x*
= (x+ h)(x+ h)(x+ h)
= (x> +2xh+ h*)(x + h)
=x3 4 x*h + 2x*h + 2xh? + xh® + h*
= x> +3x%h+ 3xh* + h*
f(x+ h) — f(x) = 3x*h + 3xh* + h*
Flth)—F(x) _ 3x2h+3hxh2+h3

h
_ hv(3x2+:xh+h2) =324 3xh+ h

0 f(x) =32
2 2
Fx+h) = spahy=2 = so3p=a

f(x+ h) — f(x)

-2 2
~ 3x+3h—4 3x—4
_ 2(3x—4)—2(3x+3h—4)

(3x+3h+4)(3x—4)
6x—8—6x—6h+8
(3x+3h+4)(3x—4)
— —6h

T (3x+3h+4)(3x—4)
Fxth)—fF(x) _ —6h

h = h(3x+3h+4)(3x—4)

= (Bx13h+4)(3x—4)
New York City College of Technology CUNY'

1
Q f(x)= 7xt2
1 1
fx+h) = e = wnme
f(x+ h) — f(x)
1

1
T Tx+7Tht2 T Tx+2
_ (Tx42)—(7x+7h+2)
T (Tx4+T7h+2)(7x+2)
_ —7h
= Tx+7h+2)(7x+2)
f(x+h) f(x) _

= (7x+7h+2)(7x+2)

Q f(x)=+v2x+3
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Difference quotient (polynomial, rational, square root functions) - exercises

Find the difference quotients of the following functions.

0 f(x)=x*
= (x+ h)(x+ h)(x+ h)
= (x> +2xh+ h*)(x + h)
=x3 4 x*h + 2x*h + 2xh? + xh® + h*
= x> +3x%h+ 3xh* + h*
f(x+ h) — f(x) = 3x*h + 3xh* + h*
Flth)—F(x) _ 3x2h+3hxh2+h3

_ hv(3x2+:xh+h2) =324 3xh+ h

0 f(x) =32
2 2
Fx+h) = spahy=2 = so3p=a

f(x+ h) — f(x)

-2 2
~ 3x+3h—4 3x—4
_ 2(3x—4)—2(3x+3h—4)

(3x+3h+4)(3x—4)
6x—8—6x—6h+8

T (3x+3h+4)(3x—4)

— —6h

T (3x+3h+4)(3x—4)
Fxth)—fF(x) _ —6h

h = h(3x+3h+4)(3x—4)

= (Bx13h+4)(3x—4)
New York City College of Technology CUNY'
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_ 1
e f(X) T Tx+2 . L
fx+h) = e = wnme
f(x+ h) — f(x)
_ 1 1
T Txt7ht2 T Tx+2
_ (Tx42)—(Tx+7h+2)
T (Tx4+T7h+2)(7x+2)
_ —7h
T ([Ix+7ht2)([Tx+2)
f(x+h) ) _

- (7x+7h+2)(7x+2)
Q f(x)=+v2x+3
f(x+h)=+2(x+h) +3=v2x+2h+3

f(x+h)—f(x) =v2x+2h+3—v2x+3
flx+h)—f(x) _ v2x42h+3—+2x+3
h - h

_ (V2x+2h+3—-v2x+3)  (V2x+2h+3+v2x+3)
- h (V2x+2h+3++/2x+3)

_ VB VBE R
T h(V2x+2h+3+/2x+3)
_ _ 2x42h+3-2x—3

T h(V2x+2h+3+/2x+3)

- 2h
T h(V2x+2h+3+/2x+3)
_ 2

T V2x+2h+3+/2x+3
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e f(x) = 2. Find f(8) =
f(3) =
«O>» «F>r «=r «=>» E A
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Standard domain

o f(x)= . Find f8) =5%5=2 v
X f(3) =2 is undefined!
= 3 is not an aIIowed input!

The domain is D = (—o0,3) U (3, 00).
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Standard domain

o f(x) = . Find f8) =5%5=2 v
X f(3) =2 is undefined!
= 3 is not an aIIowed input!
The domain is D = (—o0,3) U (3, 00).

f(x) =+/x—5. Find f(9) =
f(1) =
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Standard domain

o f(x) = . Find f8) =5%5=2 v
X f(3) =2 is undefined!
= 3 is not an aIIowed input!
The domain is D = (—o0,3) U (3, 00).

o f(x)=+/x—5. Find f(9) =vV/4=2 v
X (1) =v/—4 is undefined!
= 1 is not an allowed input: we don’t want complex numbers as outputs!
Domain: x —5>0=x>5
= D = [5,00)
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Standard domain

o f(x)= .Find f(8) =%, =2
X f(3) =2 is undefined!
= 3 is not an aIIowed input!

The domain is D = (—o0, 3) U (3, 00).

o f(x)=+x—5. Find f(9) =vV4=2 v
X f(1) =v/—4 is undefined!

= 1 is not an allowed input: we don’t want complex numbers as outputs!
Domain: x —5>0=x>5

= D = [5,00)

Standard domain

If no domain is specified, then we assume it to be the standard domain, which is the
largest possible domain for which our outputs are real numbers.

o fractions g%x; must have non-zero denominator h(x) # 0

@ square roots 4/g(x) must have positive or zero arguments g(x) > 0

@ polynomials are defined for all real numbers
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Standard domain - exercises

Find the domain of the given function:
0 f(x) =13

2 f(X) — 7x+i

Q f(x)=

2
x245x—14
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Standard domain - exercises

Find the domain of the given function:
0 f(x) =13
When is the denominator = 07
x+5=0 =— x=-5
D = (—o00,—5)U(-5,00) =R — {-5}

2 f(X) — 7x+i

0 f(x)= zrom
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Standard domain - exercises

Find the domain of the given function:
0 f(x) =13
When is the denominator = 07
x+5=0 =— x=-5
D = (—o00,—5)U(-5,00) =R — {-5}

e f(X) — 7><+3

—4
When is the denominator = 07
6x—4=0 — 6x =4

4 _ 2
—4 X = H = 3

D =(-00,3)U (5 00) =R — {3}

Q f(x)=

2
x245x—14
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Standard domain - exercises

Find the domain of the given function:
0 f(x) =13
When is the denominator = 07
x+5=0 =— x=-5
D = (—o00,—5)U(-5,00) =R — {-5}

e f(X) — 7x+i
When is the denominator = 07
6x—4=0 — 6x =4
— X = % = %

D =(-00,3)U (5 00) =R — {3}

9 f(x) = m
When is the denominator = 07
x> +5x—14=0
= (x=2)(x+7)=0
£ x=2 o x=-7
D = (—00,-7)U(=7,2)U(2,0) =R — {-7,2}
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Standard domain - exercises

Find the domain of the given function:
0 f(x) =13
When is the denominator = 07

x+5=0 =— x=-5
D = (-00,=5) U(=5,00) =R — {5}
e f(X) — 7x+i

When is the denominator = 07
6x—4=0 — 6x =4
4 _ 2
—4 X = H = 3

D =(-00,3)U (5 00) =R — {3}

0 f(X)=zmu
When is the denominator = 07
x> +5x—14=0

Q f(x)=+v2x+6

Q f(x)=5-v7—-3x

Q f(x)=x>4+4x*> —2x+7

3x for2 < x<5
Q f(x)= X2 for7<x<9
x+5 forl2<x

= (x=2)(x+7)=0
£ x=2 o x=-7
D= (—-o00,-7T)U(-7,2)U(2,0) =R —{-7,2}
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Standard domain - exercises

Find the domain of the given function:
0 f(x) =13
When is the denominator = 07

x+5=0 =— x=-5
D = (-00,=5) U(=5,00) =R — {5}
e f(X) — 7x+i

When is the denominator = 07
6x—4=0 — 6x =4
4 _ 2
—4 X = H = 3

D =(-00,3)U (5 00) =R — {3}

0 f(X)=zmu
When is the denominator = 07
x> +5x—14=0

Q f(x)=+v2x+6
2x4+6>0=>2x> —-6= x> -3
D =1[-3,00)

Q f(x)=5-v7—-3x

Q f(x)=x>4+4x*> —2x+7

3x for2 < x<5
Q f(x)= X2 for7<x<9
x+5 forl2<x

= (x=2)(x+7)=0
£ x=2 o x=-7
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Standard domain - exercises

Find the domain of the given function:

0 f(x) =41 0 f(x)=V2x 16
When is the denominator = 07 2x4+6>0=>2x> —-6= x> -3
x+5=0 = x=-5 D =[-3,00)

D = (—o00,—5)U(=5,00) =R — {-5}
Q f(x)=5-v7—-3x

Q f(x)=2= 7—-3x>0= -3x>-7
=7 _ 1
When is the denominator = 07 7:> X< 3 =3
6x—4=0 = O6x=4 D= (-0, %
—4 X:%:% , ,

D=(-00,5)U(},00)=R-{}} QO f(x)=x>+4x"—2x+7

Q f(x)= =2—
0) = msem . 3x  for2<x<5
When is the denominator = 07 0 f(x)= 2 for 7< x <9

x> +5x—14=0
= (x—2)(x+7)=0
— x=2 o x=-7
D= (—-o00,-7T)U(-7,2)U(2,0) =R —{-7,2}

x+5 forl2<x
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Find the domain of the given function:

0 f(x) =41 0 f(x)=V2x 16
When is the denominator = 07 2x4+6>0=>2x> —-6= x> -3
x+5=0 = x=-5 D =[-3,00)
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x> +5x—14=0
= (x—2)(x+7)=0
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D= (—-o00,-7T)U(-7,2)U(2,0) =R —{-7,2}

x+5 forl2<x
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Standard domain - exercises

Find the domain of the given function:

0 f(x) =41 0 f(x)=V2x 16
When is the denominator = 07 2x4+6>0=>2x> —-6= x> -3
x+5=0 = x=-5 D =[-3,00)

D = (—o00,—5)U(=5,00) =R — {-5}
Q f(x)=5-v7—-3x

Q f(x)=2= 7—-3x>0= -3x>-7
=7 _ 1
When is the denominator = 07 ?X§3*§
6x—4=0 =— 6x=4 D= (-o0,3
—4 X:%:% , ,
D=(-00,5)U(},00)=R-{}} Q f(x)=x"+4x"—2x+7
D=R
Q f(x)= 22—
C) = mem . 3x  for2<x<5
V\2/hen is the dinommator—O. 0 f(x)= 2 for 7< x <9
X+5X_14_20 —0 x+5 forl12<x
= (x=2)x+7) = D = (2,5] U [7,9) U [12, 50)

£ x=2 o x=-7
D= (—-o00,-7T)U(-7,2)U(2,0) =R —{-7,2}
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