Functions Learned in Precalc Which are Needed in Calc

identity function

the opposite function

the reciprocal function

a constant function

the "twice" function

the squaring function

the square root function

the absolute value function
the greatert integer function
piece-wise defined functions
a polynomial function

a rational function

an exponential or power function
the exponential function
a lograthmic function

the natual log function

sine function
cosine function
tangent function
cosecant function
secant function
cotangent function

Arcsine function
Arccosine function
Arctangent function

hyperbolic sine function
hyperboic cosine function
hyperbolic tangent function

X

-X

1x or x* ,
¢, ¢ = some constant
2x
X
Vv(x), or x'
|x]

[x]1

2

a polynomial function
a rational function

c“wherec>0andc# 1
exp(x) or €

log, (x), ¢ >0

In(x) or loge (X}

sin(x)
cos(x)
tan(x)
csc(x)
sec(X)
cot(x)

sin”™ (x)
cos (%)
tan’ ()

sinh(x)
cosh(x)
tanh(x})
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function in words

the identity function

f(x) in symbols x | x
domain all reals (- e, + =) |
range all reals (- oo, + =) ;
features each y is identically equal to its X 3
period none % o8 & 1 3 4
x-intercept(s) (0,0) !
y-intercept(s) (0,0) 12
reciprocal function x, itself " | um
inverse function Xx, itself Ideﬁ;tlty
asymptote(s), discontinuities none
* to "undo," take the inverse,
continuous? yes use the original number, X
derivative 1 * makes a 45° angle
anti-derivative X /2+¢ withe positive x-axis

function in words

the opposite function

f(x) in symbols

-X

domain

all reals (- =0, + =)

range

all reals (- o, + =)

features

each y is the opposite of its X

period

none

x-intercept(s)

(0.0)

y-intercept(s)

(0,0)

reciprocal function

-1ix

inverse function

-x, itself

asymptote(s), discontinuities

none

continuous?

yes

derivative

-1

anti-derivative

X 12+c

oppos&e

* to "undo," take the inverse,

use the opposite of what you have, -x
* makes a 45° angle

withe positive negative x-axis

function in words

the reciprocal function

f(x) in symbols

1x or X

domain all reals except 0, X #0
range all reals except 0,y #0
features a hyperbola w/2 branches

period

none

x-intercept(s)

none

y-intercept(s)

none

reciprocal function

1/x, itself

inverse function

1/x, itself

asymptote(s), discontinuities

vertical asymptote @ x=0

horizontal asymptote at y=0

continuous?

no

derivative

1

anti-derivative

injx| +c¢

* the cosecant, secant, and cotangent
are reciprocals of the sine, cosine,
and tangent
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function in words

a constant function

f(x) in symbols

¢, ¢ = some constant

domain

all reals (- oo, + )

range

¢, whatever constant is used

features

horizontal line

period

none

x-intercept(s)

only if ¢ = 0 then every point

y-intercept(s)

(0, c)

reciprocal function

1/c

—

Tfc=2 f=2
sife=1.7, fxy=1.7

if c = -3, f{x)=-3

‘some constar]

it functions

inverse function

none, doesn't pass horizontal line test, not 1-to-1

asymptote(s), discontinuities

no

continuous?

yes, it is a polynomial

derivative

0

anti-derivative

cx +d, where d is some constant

function in words

the "twice" function

f(x) in symbols

2X

domain

all reals (- oo, + =)

range

all reals (- oo, + =)

features

line w/a slope of 2

period

none

x-intercept(s)

(0. 0)

y-intercept(s)

(0,0

reciprocal function

x/2

inverse function

asymptote(s), discontinuities

period

continuous?

derivative

2

anti-derivative

x3/3+c¢c

function in words

the squaring function

f(x) in symbols

X

domain

all reals {- oo, + =)

range

Y 20,[0. + )

features

U-shaped, vertex at (0, 0)

period

none

x-intercept(s)

(0, 0)

y-intercept(s)

©,0)

reciprocal function

11%°

inverse function

restricted domain, square root function

squaring

asymptote(s), discontinuities

none

continuous?

yes

derivative

2%

anti-derivative

23 /13 +¢
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function in words

the square root function

f(x) in symbols

v(x), or x'?

domain

*See note [0, =), x>0

range

y20,]0. + )

features

looks like half a parabola on its side

period

none

x-intercept(s)

(0, 0)

y-intercept(s)

(0,0

reciprocal function

1R(X) is YOOI is also X

inverse function

X

asymptote(s), discontinuities

none

continuous?

yes

derivative

1/(2v{x)) or x*(-1/2)/2

‘ anti-derivative

(23)xM3/2) + ¢

square ro

ot

* The square root of negative numbers
are perfectly good numbers, but, here
graphing is on the real plane and these

are complex numbers.

function in words

the absolute value function

f(x) in symbols

[x] *See note

domain

all reals (- oo, + =)

range

Y 20,[0. + o)

features

V-shaped, vertex at (0, 0)

period

none

x-intercept(s)

©,0)

y-intercept(s)

(0,0

reciprocal function

1/]ix|

inverse function

* This function is really V()

none, doesn't pass horizontal line test, not 1-to-1

asymptote(s), discontinuities NO
continuous? yes * See piece-wise below
derivative see below i
anti-derivative see below ’ 3 .
(—1,x <0 ,
y = lxi %‘—:—WO,X*—'O y
Ll,x >0 L4 -3 -2 -1 L 1 z 3
(~1x?/2+¢,x <0 =
J.i x|de=4% ;x =10 > :ab$oll;|te :vali.i-é

Lx?‘;’2+c,x>0
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function in words

the greatest integer function

f(x) in symbols

[Ix]1

domain

all reals (- oo, + =)

range

integers {...,-3,-2,-1,0,1,2,3,...}

features

looks like steps

period

none

x-intercept(s)

each point 0 <x<1

y-intercept(s)

(0, 0)

inverse function

*—=0
greatest int ger

none, doesn't pass horizontal line test, not 1-to-1

asymptote(s), discontinuities

discontinuous, no asymptotes

continuous?

no

derivative

see at right

anti-derivative

see at right

y =[[x]], for each interval [a,b)

aﬁj—a JllxNde=x*+c

function in words a piece-wise defined function ‘“""“—T":—""—
f(x} in symbols varies R
_domain varies i ¢
range varies 1,
features may be broken fe— , N
period maybe 4+ 2@ 4 ) L E 3 4X
x-intercept(s) varies . i,
y-intercept(s) varies ) .
reciprocal function varies
inverse function varies
asymptote(s), discontinuities maybe * the absolute value may be defined
as a piece-wise defined function
continuous? maybe as a piece-wise defined function
derivative varies f(x)=-x,forx<0
anti-derivative varies fix)y=xforxzo0
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function in words

f(x) in symbols

domain

_a polynomial function
anx™ + ap_1x™!

+ anox™ 2+ . +axx® + ax' +

all reals (- oo, + =)

range

all reals (- oo, + =)

features
features
period

none

x-intercept(s)

at least one, probably many

y-intercept(s)

maybe one

reciprocal function

a rational function b : :

inverse function

maybe & s g

asymptote(s), discontinuities

no

continuous?

yes

derivative

see below

anti-derivative

see helow

1
a,x

(1)

1
a

n n—1 4 .3 2
an—lx n—Zx aﬁx a-_,.l alx

Iy dx +
(n) (n—-1) ¢ 3 (2

_ " n—1 n=2 3 2 H 0
y == an.x + aﬂ_,x + a”_-_,l + . agx == azx -+ alx + au.l

n+
a.x

T (n+1)

ye=amx"" va,_(n-Dx""+a, (n-2)x""+..+a,3)x + a,(2)x" + a(1)x’

-2

function in words
f(x) in symbols

a rational function

am® + ap X" + anox™? +

. Fax2 + ax! + aox?

bpx" + b aX™" + bpox™ + .. +box? + byx" + bex®

domain varies, check denominator function

range varies

features probably asymptotes, maybe discontinuities

x-intercept(s) maybe ...

y-intercept(s) maybe TN T

reciprocal function maybe a polynomial function R & R

inverse function

not necessarily o
yes, maybe :

asymptote(s), discontinuities

period not necessarily

continuous? not likely

derivative see below. u(x) & v(x) are polynomials

anti-derivative varies

W (x)ev(x)—v'(x)eu(x)
[v(x)]*

u(x)
vix)

)=

d
gl
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function in words an exponential or power function

f(x) in symbols

b*whereb>0and b # 1

domain

all reals (- o2, + )

range

Yy >0, (0. + o)

features: growth, reciprocal is decay, the halving function

period

no

x-intercept(s)

no

y-intercept(s)

reciprocal function

, 1)
b—x

inverse function

logp(x)

asymptote(s), discontinuities

y=0

continuous?

yes

derivative

(bM)in(b)

anti-derivative

bAx/In(b)* ¢

“doubling

S(x)=2%
reciprocal f(x)=1/ f(x)=
1% el PO =@ )" =

function in words

the exponential function

f(x) in symbols

exp(x) or &

domain

all reals (- o, + =)

range

y>0, (0. + )

features

used for growth and decay

period

no

x-intercept(s)

no

y-intercepi(s)

©, 1)

reciprocal function

eX

inverse function

l09a() = In(X)

asymptote(s), discontinuities

y=0

continuous?

yes

derivative

X

€

anti-derivative

e +¢

exponential |
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function in words

a lograthmic function

f(x) in symbols

log, (), b>0, hereb=10

domain

x> 0, (0, =)

range

all reals (-oo, + =)

features

period

no

x-intercepi(s)

(1,0)

y-intercept(s)

none

reciprocal function

1/logy( X )

inverse function

bX

asymptote(s), discontinuities

x = 0, no discontinuities

continuous?

yes

derivative

1/[xIn(b)]

ahti-derivative

x(In(x) - 1)}/In(b) + c

s

function in words

the natual log function

f(x) in symbols

In(x) or loge (x)

domain

x>0, (0, =)

range

all reals (-oo, + == )

features

period

none

x-intercept(s)

(1, 0)

y-intercept(s)

none

reciprocal function

1/In(x)

inverse function

ex

-2

asymptote(s), discontinuities

no discontinuities, y = 0

, In(x)

{,or logea (X) |

b - (@s!2-
L4 -3 -2 -1 2 3
ina’i_uraf_l Idg |

continuous?

yes

derivative

1/x

anti-derivative

x(in{x) -1) + ¢

pg. 7, (c) 2020, A. Azzolino Full Calc f(x}




function in words sine function .
F(x) in symbols_sin(x) Sn(¥) Y12
domain all reals (- 00, + =) . , : :
range -1<xs1 PN *
features it is the cosine function shifted 2828 373'3 14 T2t
period 2n '
x-intercept(s) 0 +nn -4
y-intercept(s) (0, 0)

reciprocal function

cosecant, scs(x)

inverse function

Arcsine(x), sin”'(x)

asymptote(s), disconfinuities

no

continuous?

yes

derivative

cos(x)

anti-derivative

-cos(x) +¢C

function in words

cosine function

f(x) in symbols

cos(x)

domain

all reals (- oo, + =)

range

-1<x<1

features

it is the sine function shifted

period

2n

x-intercept(s)

2 *nn

y-intercept(s)

(1.0)

reciprocal function

secant, sec(X)

inverse function

Arccosine, cos™ ($4]

asymptote(s), discontinuities

no

continuous?

yes

derivative

- sin(x)

anti-derivative

function in words

sin(}) +c¢

tangent function

f(x) in symbols

tan(x)

domain

range

all reals (- oo, + =)

features

' {

all reals except x# n/2 +m , )
i

t

vertical asymptotes - see domain

period

n

x-intercept(s)

(0,0) and (0 #nm, 0}

y-intercept(s)

(0,0)

reciprocal function

cotangent f(x), cot(x)

inverse function

Arctangent f(x)

asymptote(s), discontinuities

vertical asymptotes - see domain

continuous?

no

derivative

sec?(X)

anti-derivative

In(sec(x)) +c
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function in words

cosecant function

f(x) in symbols

csc()

domain

xz0+nn

range

y>1 andy<-1

features

undefined when sine is 0

period

n

—

e

x-intercept(s)

SinGd )
none v 4

Sy

y-intercept(s)

o
none

reciprocal function

sine, sin(x)

inverse function

Arccosecant

asymptote(s), discontinuities

x=0,x=0znn

period

— i — —

-]
x

Sy

2n

continuous?

none

derivative

-csc(x)cot(x)

anti-derivative

In|csc(x)-cot(x)j+ ¢

function in words

secant function

f(x) in symbols

sec(X)

domain

XzTR2 nn

range

y>21 andy<-1

features

undefined when cosine is 0

period

2R

x-intercept(s)

none

y-intercept(s)

©. 1)

reciprocal function

cosine

inverse function

Arcsecant

asymptote(s), discontinuities

no discontinuities, vertical asymptotes

continuous?

no

derivative

sec(x)tan(x)

anti-derivative

Injsec(x) + tan(x)| + ¢

function in words

cotangent function

f(x) in symbols

cot{x)

domain

x20+nn

range

all reals

features

whenever tangent is undefined, cotangent has 0

period

n

x-intercept(s)

(m/2, Q), (/2 £ nm, 0}

y-intercept(s)

none

reciprocal function

tangent

inverse function

Arccotangent

asymptote(s), discontinuities

Xx=mn2,x=m2 tnn

continuous?

no

derivative

- csc(x)ese(x)

anti-derivative

In|sin{x}| + ¢
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function in words

Arcsine function

f(x) in symbols

sin™(x)

domain

-1<x<1

range

-T2 £X<nf2

features

period

none "

x-intercept(s)

0.9

y-intercept(s)

0. 0)

reciprocal function

1/sin”(x)

inverse function

sin(x) with domain restriction

asymptote(s), discontinuities

~ Arcsine

none =
jy dx = xarcsin{x)+Vl—-x" +¢

continuous?

yes v =arcsin(x)

derivative

, 1

¥ =
J1—x*

anti-derivative

function in words

Arccosine function

f(x) in symbols

cos ' (x)

domain

-1€xs1

range

O<x<n

features

period

none

x-intercept(s)

(1.9

y-intercept(s)

(0, 7w2)

reciprocal function

1/Arccos(x)

inverse function

cos(x) wirestricted domain

asymptote(s), discontinuities

none 2
j_v dx = xarccos(x)—1-x"+¢

continuous?

y =arccos(x)
yes

derivative

2t _-]

y' =
) J1—xt

anti-derivative

" Arccosine|

function in words

Arctangent function

f(x) in symbols

tan™(x)

domain

all reals

range

(-1! 1)

features

period

no

x-intercept(s)

(0, 0)

y-intercept(s)

©.0

reciprocal function

1/Arctan(x)

inverse function

tan(x) for (-2, w/2)

asymptote(s), discontinuities

=1,y -1

continuous?

1

yes

derivative

et

anti-derivative

Arcfangerlfz

B

_f_l-’ dx = xarctan(x) - InV1+x” +¢

vy = arctan(x)
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function in words

hyperbolic sine function

f(x) in symbols

sinh{x)

domain

all reals

sinh(x)
is (eX - eX)/2

range

all reals

features

period

ncne

i Pl

xX-intercept(s)

0.0

L4 -3 -‘2 —i/

y-intercept(s)

0.0

7

reciprocal function

¢sch(x)

inverse function

asymptote(s), discontinuities

none

; : - -3
hypeyrbolic |sine

period

no

continuous?

SEE BELOW.

derivative

anti-derivative

function in words

hyperbolic cosine function

f(x) in symbols

cosh(x)

domain all reals
range [1, =) 2/
features . ‘\%_1//
period no
x-intercept(s) none 4 -3 -2 -1 1 2
y-intercept(s) (0, 1) ' ' : -1
reciprocal function sech(x) AGQSh(X) -2
inverse function is (X +eX)2| 5 »
asymptote(s), discontinuities hyperboﬁc ch ine
period _&——
continuous?
derivative SEE BELOW.
anti-derivative
function in words hyperbolic tangent function : : v 1®
f(x) in symbols tanh(x) tanh(x) "
domain 2%
range is _@f__..?._:..‘!. ?
features e(2x) g 12—
period -
: -4 -3 -2 -1 . 1 2
x-intercept(s) SRR L

y-intercept(s)

reciprocal function

inverse function

asymptote(s), discontinuities

- 3 .

hyberbmic tangent

continuous?

derivative

SEE BELOW.

anti-derivative

pg. 11, (c} 2020, A. Azzolino Full Calc f(x}



sinh™(x) = In(x + /x> +1)) V x
cosh™(x)=In(x + ,/.a.c2 ~-1)) Vx=1

tanh™(x) ._-[m(lii) Vx|<1

csch™'(x) =In(x + 1/()62 -1))

sech"(x) ln(l+ /(1 —x° ) VO<xxl
x

coth™ 1(ch)--*—ln(—’v-'f——j:—l) Vix|>1
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