Algebra Cheat Sheet
Basic Properties & Facts
Arithmetic Operations Properties of Inequalities
b\ ab If a<b thena+c<b+cand a—-c<b-c¢
ab+ac=a(b+c) a(—):— 2 b
¢/ ¢ If a<bandc>0 then ac < be and = <~
a c ¢
b)=£ _a__ac If a<bandc<0 then ac>beand 252
c b g) b € c
¢ Properties of Absolute Value
£+£=ad+bc £_£=ad-bc Ial_ a ifaz0
b d bd b d bd “|-a  ifa<o0
a-b_b-a a+b=£+£ la[20 [~a] =]
G e ST el .4
a bl |y
G _pre aw0 202 la+8|<|a|+|¢| Triangle Incquality
c c

Exponent Properties

anam=aﬂm —=q =—
a a

(a") =g™ a’=1, a=0

b)' =a'b" ay .2
(at) =a 5)-%

I | 1 n

a = —_;=ﬂ

a a

Properties of Radicals

Wa-fa Ji-32
a b dE

Ja =a,ifn isodd

a, if n is even

For a complete set of onfine Algebra notes visit hitp:/futodal.math lamar.edy.

Distance Formula
If A =(x,5) and P, =(x,,,) are two
points the distance between them is

d(P.B)=(x, "‘1)1 +(» ‘J’l)2
Complex Numbers

i=J=1  i#=-1 J-a=ifa, a20
(a+bi)+(c+di)=a+c+(b+d)i
(a+bi)-(c+di)=a-c+(b-d)i
(a+bi)(c+di)=ac-bd +(ad + bc)i
(a+bi)(a-bi)=a’+¥
|a+bi|=«/¢rb2 Complex Modulus

(a+bi)=a-bi  Complex Conjugate
(a+bi)(a+bi)=|a+bif
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Logarithms and Log Properties
Definition
y=log, x isequivalcnt to x=5"

Example
log;125=3 because 5°=125

Special Logarithms
Inx=log, x natural log
logx=log,,x common log
where e=2.718281828...

Logarithm Properties
log, b=1 log,1=0

log,b*=x b =x
log, (x') =rlog, x
log, (xy) =log, x +log, y

log, (i) =log, x-log, y
¥y

The domain of log, x is x>0

Factoring and Solving

Factoring Formulas
% -a* =(x+a)(x-a)
X' +2ax+a’ =(x+a)’
K -2ax+a = (x—a)2
x*+(a+b)x+ab=(x+a)(x+b)
2 +3ax® +3a°x +d’ = (x+a)’
X -3ax +3a°x-a’ = (Jc—a)3
P +d =(x+a)(s -ax+a’)
X -a =(x-a)(¥ +ax+a?)
g = (x" -a")(x" +a")
If nis odd then,
X —a'= (x_a)(xn—l +ax™? +___+an-l)
x"+a"
=(x+a)(x"" -ax"? + ™ —--'+a"")

Quadratic Formula
Solve ax* +bx+c=0, a=0

x= —b:t:w/b2 ~4ac
2a
If 6% ~4ac >0 - Two real unequal solns.
If b* ~dac=0 - Repeated real solution.
If #* —4ac <0 - Two complex solutions.

Square Root Property
If x* = p then x= :t\/;

Absolute Value Equations/Inequalitics
If b is a positive number
=6t = p=-b or p=b

|pl<b = -b< p<b
|A>6 =  p<-b or p>b

Completing the Square

Solve 2x*~6x-10=0

(1) Divide by the cocfficient of the x*
x*-3x-5=0
(2) Move the constant to the other side.
x*-3x=5
(3) Take half the coefficient ofx, square
it and add it to both sides

2 2
% —3x+(—-;-] =5+(-%] =5+2=2

For a complete set of cnine Algebra notes visit bitp/itutonal.math lamar.edy.

(4) Factor the lcft side

[ 3]’ 29
x—-=| ==
2) 4

(5) Use Square Root Property
x3oy \/f?. _:¥8
2 4 2

(6) Solve for x

3,429

X=—t——-
2 2
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Functions and Graphs

Constant Function

y=a or f(x)=a

Graph is a horizontal line passing
through the point (0,4).

Line/Linear Fanction

y=mx+b or f(x)=mx+b
Graph is a line with point (0,5) and
slope m.

Slope
Slope of the line containing the two
points (x,.5,) and (x;,5,) is
medr=h _Tise

X-Xx nmn
Slope — intercept form
The equation of the linc with slope m
and y-intercept (0,5) is

y=mx+b
Point - Slope form
The cquation of the line with slope m
and passing through the point (x,,) is

y=y+m(x-x)

Parabola/Quadratic Function
y=a(x-h) +k f(x)=a(x-h) +k

The graph is a parabola that opens up if
a>0 or down if a<0 and has a vertex
at (h.k).

Parabola/Quadratic Function
y=a’+bx+c  f(x)=ax’ +bx+c

The graph is a parabola that opens up if
a>0 or down if 2<0 and has a vertex

(22)

For a complete set of onino Algebra notes visit htto/Autoriel math lamaredy.

Parabola/Quadratic Function
x=af +by+c  g(y)=ay +by+c

The graph is a parabola that opens right
if a>0 orleft if <0 and has a vertex

(=)
Circle
(x-hf +(y-k) =

Graph is a circle with radius » and center
(hk).

Ellipse
2 2
(=1 -1,
a b
Graph is an ellipse with center (h,k)
with vertices a units right/left from the

center and vertices b units up/down from
the center.

Hyperbola
(=) (y-K)’
Z o w

Graph is a hyperbola that opens left and
right, has a center at (h,k), verticesa
units left/right of center and asymptotes

that pass through center with slope ik.
a

Hyperbola
-8 (=R _|
=

b2
Graph is a hyperbola that opens up and
down, has a center at (h,k), vertices b
units up/down from the center and
asymptotes that pass through center with

slope :1:2.
a
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Commeon Algebraic Errors

Error

%9& 0 and %;e 2 Division by zero is undefined!

-39 -3*=-9, (-3)" =9 Watch parenthesis|

(::’)l #x°

L¢£+£ — —f -

bic b ¢ 2 Y+ v
1 2 x?4x A more complex version of the previous

0 S O
+bx a+bx ___g_,_b_x_”bx
/ #1+bx a a a a

-a(x-1)%-ax-a

~a(x-1)= a7
Make sure you distribute the “-1

(x+a)’ #x*+a?

(x+a)’ =(x+a)(x+a)=x? +2ax +a*

V¥ +a® #x+a

52425 =32 +42 23 442 =344=7

“Jxtawdx+da

See previous error.

More general versions of previous three

2(::r+l)z =2(x‘ +2x+l)=2x’+4x+2

2 2
2(x+1) = (2x+2) (2x+2) =4x* +8x+4
Square first then distribute!
) s See the previous example. You can not
(2x+2)" #2(x+1) factor out a constant if there is a power on

N-P+a@ - +d

For a completa set of onfno Algebra notes visit fiip /Avtoriatmath lamar.edy.
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Trig Cheat Sheet

Definition of the Trig Functions

Right triangle definition
For this definition we assume that

0<0<-§or0°<¢9<90°.

N’potenuse
opposite |

Unit circle definition
For this definition & is any angle.

Y
A

(x,K
/yg l ~¢
: \

‘ > X
X
I_I \
adjacent
. opposite hypotenuse
sm9=hL g =HENSe sin9=z=y csch=1
ypotenuse opposite 1 y
adjacent hypotenuse x 1
cosf=———— =i —— ="= =
hypotenuse adjacent cos6 1 * secd x
tang = SPPOSIE o, _ adjacent tnd=2  cotg=>
adjacent opposite x y
Facts and Properties
Domain
The domain is all the values of & that Period

can be plugged into the function.

sind, & can be any angle
cosf, & can be any angle

tand, 9¢(n+-;—}r, n=0,+1,%2,...
cscld, B#nm n=0,%1,+2,...
secd, 9¢(n+%)7r, n=0,£1,+2,...
cotd, O#nm n=0,+1,+2,...
Range

The range is all possible values to get
out of the function.

-1<sin8<1 c¢scf>1andcscf<—1
-1<cos@<1 secd=>1andsecd<-1
~o<tanf <0 —w<Lcotd <o

The period of a function is the number,
T, such that f(6+T)=f(6). So, if @
is a fixed number and & is any angle we

have the following periods.

sin(06) » 1=2%
. (/)]

2z

[ T==2
cos(w6) — —
tan (08 7=Z
an(w8) - =

2z

6 T==
csc(wf) — —

sec(w8) > 7=
P

t(wf) » T=Z
cot(6) z
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Formulas and Identities

Tangent and Cotangent Identities

tanG:sme c°t9=cf)sa
cos@ sin@
Reciprocal Identities
cscld=—— sinf=——
sind cscé
1 1
O0=— cosf =——
see cos@ secd
cotf=—— -
cotéd
Pythagorean Identities
sin?@+cos’ 0 =1
tan’ @+1=sec? 4
1+cot’ @ =csc’ 8
Even/Odd Formulas
sin(~@)=-sin8 csc(—6)=-csco
cos(—6)=cos@ sec(—60) =secd

tan(—6)=—tand cot(-8)=—cot§

Periodic Formulas
If nis an integer.

sin(6+27n)=sin@ csc(@+27n)=csco
cos(@+27n)=cosf sec(f+27n)=secd
tan(f+7zn)=tand  cot(6+mxn)=cotd
Double Angle Formulas
sin (26) =2sinfcos§
cos(26) = cos® §~sin* 4

=2cos’§-1

=1-2sin’@

2tan @
tan(20)=—un—
Degrees to Radians Formulas
If x is an angle in degrees and ¢ is an
angle in radians then

T Lol g 180
180 x 180 T

Half Angle Formulas
sin? 9=—;—(l-cos(20))

1
cos’f= 5(1 +cos (20))

van? = 1-cos(26)

1+cos(26)

Sum and Difference Formulas

sin (@ + B) =sinacos B+cosasin B
cos(ar+ f)=cosacos B Fsinasin B
tana ttan §

IFtanatan 8
Product to Sum Formulas

sinasin g =%[005(a‘ﬂ)“°°5(a ""B)]

tan(a+ B)=

cosacosﬂ=%[cos(a—ﬂ)+cos(a+ﬂ)]
. 1r. .
sinzcos f= 5[sm (a+B)+sin(a-p)]

cosasin f= %[sin(a+ﬁ)—sin (a-5)]
Sum to Product Formulas

sin  +sin f=2sin (#)cos (a%q)

sina -sin f=2cos (#Jsin (ﬂ'ﬁ )

2
cosa+cos f=2cos (a_;—_/{) cos (9;—)

cosa:—cosﬂ=—25in(a+ﬂ)sin(a_ﬂ)
2 2

Cofunction Formulas

sin (%—9] =cosd cos(%—b") =sinf
T
Z_6|=seco

csc( > ) sec

tan(%—G]:cotB
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Unit Circle
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For any ordered pair on the unit circle (x, y) : cosf@=x and sind=y

Example
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Inverse Trig Functions

Definition

y=sin x is equivalent tox=siny
y=cos™ x is equivalent to x=cosy
y=tan”' x is equivalent tox=tan y

Domain and Range
Function Domain Range
. 4 w
=sin -18xs1 ——=<Ly<—
y x X 2 y 2
y=cos?x -1<x<1 0sy<=z

y=tan”'x —-w<x<oo —-;f<y<%

Inverse Properties
cos(cos™ (x))=x
sin(sin™ (x)) = x

tan (tan" (x)) =x

Alternate Notation
sin™ x = arcsin x
cos™ x =arccos x
tan™ x = arctan x

Law of Sines, Cosines and Tangents

cos™ (cos(8)) =6
sin” (sin(6)) =6
tan™ (tan(8)) =6

Law of Sines

sinz _sinfB _siny
a b c

Law of Cosines

a’ =b*+c’ =2bccosa
b* =a*+c*—2accos B
¢’ =a’ +b* —-2abcosy
Mollweide’s Formula
atb _ cost(a- B)

c sinty

Law of Tangents
a-b _tan{(a—p)

a+b tani(a+p)
b—c _tani(B-7)
bre wni(3er)
a-c _tani(a-y)
atc tani(a+y)
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Common Derivatives and [ntegrals

Derivatives
Basic Properties/Formulas/Rules
d ’ . '
'd_x(‘f(x)) = C,'f (X) , C 1S any constant, (f(x):tg(x)) =f'(x)ig'(x)
"—i'(x") =mx"", n is any number.

= %(c) =0, ¢ is any constant.

(fg) =f'g+fg -(ProductRule) [ﬂ =%’1 — (Quotient Rule)

—d‘ix( f ( g(x))) =f ’( g(x)) g'(x) (Chain Rule)

e

(ing() =5

260 e st -4

dx

Common Derivatives

Polynomials
d d " -
T.E(c)=0 z(x)=1 ()= nx"

2= 4 Se)=ner

Trig Functions

%(sin x)=cosx %(cosx)=—sinx

fx-(secx)=secxtanx %(cscx)=—cscxcotx i(cotx)=—csc’x
Inverse Trig Functions

R e k=Gl
P e G Gl B e Sl G R

Exponential/L ogarithm Functions

g)—c(a") =a"In(a) %(e‘) =g
L(n(@)=1, x>0 &L

1
dx(ln|x|)=;, x#0

d 1

—_— 1 =—
dx(Og“(x)) xlna’ x>0
Hyperbolic Trig Functions

d, . d . d
z(smh x)=coshx Z(cosh x) =sinhx E(tanh x)=sech’x

%(sech x)=—sech xtanh x %(csch x) =—csch xcoth x %(coth x)=—csch’x

Visit httn:#tutorial. math Jamar.edu for a complete set of Calculus | & |1 notes. © 2005 Paul Dawkins

Integrals
Basic Properties/Formulas/Rules

[of ()ar=c[ f(x)dx, cisaconstant. [ f(x)tg(x)dr=[f(x)art[g(x)ax

[* 7 (x)de=F(x), = F ()~ F(a) where F(x)= [/ (x)dx

[Pef (R)de=c[ f(x)dx, cisaconstant. [ f(x)g(x)ar=["F(x)drs [, g(x)ax
J.(x)ax=0 [of ()de=—f, 1(x)as

[ 1= f@ac+ [ f(x)ax [ edr=c(b-a)

If /()20 on a<x<b then [ f(x)dr20

If f(x)2g(x) on a<x<b then f:f(x)dxzf:g(x)dx

Common Integrals
Polynomials

Idx=x+c jkdx:kx+c jx"dx=—l—x""'+c,n$—]
n+l
1 ) I T
j;dx=1n|x|+c Ix Ydx=In|x+c jx dr=——x ™te,n=l
2 2, g
J ! dx=lln|ax+b|+c qudx=—l-x“1+c= 9 x7 +c
ax+b a —;1-{-1 p+q

Trig Functions

Icosudu=sinu+c _[sinudu=-cosu+c Iseczudu=tanu+c

Isecutanudu =secu+c fcscucotudu =—cscu+c Icsczudu =—cotu+c

Itanudu=ln|secu|+c _[cotudu=1n|sinu|+c

Isecudu =In|sccu+tanu|+c J‘sec3 wdu =%(secutanu+ln|secu+tanu|)+c

Icscua’u= in|escu —cotu]+c Icsc3udu =%(—cscucotu+ln|cscu—ootu|)+c

Exponential/Logarithm Functions

u u 1 au
Ie du=¢e"+c¢ Ia du=m+c Ilnudu:uln(u)—u+c
Ie‘"‘ sin(bu) du = ze: 7 (asin (bu)-b cos(bu)) +c Iue"du =(u-1)e" +c
a
ou e™ . 1
Ie cos(bu)du=az—+bz(acos(bu)+bsm(bu))+c J‘ulnudu=ln|lnu|+c

Visit hitp:/tutorial.math lamar.edu for a complete set of Calculus | & Il notes. © 2005 Paul Dawkins



Common Derivatives and Integrals

Inverse Trig Functions
1 .-

——du=sin"| % |+¢
Nra a

f 2] > d =ltan"(£)+c
a+u a a

J ! du=lsec“'(£]+c jcos"udu=ucos“u—\ll—u1+c
o a a

Hyperbolic Trig Functions
jsinhudu =coshu+c

Isin"udu =usinu+Vl-1 +¢

Itan"udu= utan™ u—%ln (1+u2)+c

Icoshudu=sinhu+c Iscchzudu=tanhu+c
jsech tanhudu =—sechu+c Icsch cothudu=—-cschu+c J‘csch2 udu=—cothu+c

jtanh udu=In(coshu)+c Isechudu:tan" |sinha+¢

Miscellaneous
1 1
j —du=—1In

a -u 2a

u—a
+c
u+a

] P J 21 zdu=iln
u—a u —-a 2a

I a2+u’du=% a2+u2+%2ln|u+\/;2+7‘+c
Iﬁda=§m—§-lnlu+m‘+c
Imdu =§~/aTuz +a?zsin" (%)a-c

[V2au~-1 au=2212

2 a-—u
2au—u? +—cos +c
2 a

Standard Integration Techniques
Note that all but the first one of these tend to be taught in a Calculus II class.

u Substitution
Given J' 'f (g(x))&'(x)dx then the substitution u=g(x) will convert this into the

integral, I f(g(x))g'(x)dx= Ig((a)) S(u) du.

Integration by Parts
The standard formulas for integration by parts are,

b
J-udv=uv—jvdu L udv=uv|: -—vadu
Choose u and dv and then compute du by differentiating # and compute v by using the
fact that v= Idv .

Visit hitp:/ftutorial. math Jamar.edu for a complete set of Calculus | & Il notes. © 2005 Paul Dawkins

Common Derivatives and Integrals

Trig Substitutions
If the integral contains the following root use the given substitution and formula.

a-xr = x=§sin6 and cos’6 =1-sin’@

¥x -a® = x=%secG and tan?@ =sec?0 -1

A+ = x=%tan9 and sec’@=1+tan’0

Partial Fractions

2 ; dx where the degree (largest exponent) of P(x) is smaller than the

degree of Q(x) then factor the denominator as completely as possible and find the partial

fraction decomposition of the rational expression. Intcgrate the partial fraction
decomposition (P.F.D.). For each factor in the denominator we get term(s) in the
decomposition according to the following table.

If integrating

Factor in Q(x) Term in P.F.D | Factor in Q(x) Term in P.F.D
A r A A A
ax+h oy (@+8) T ardy (@rb)
Ax+B £ Alx+B, ' Akx+ Bl’
at +bx+c Sibite (ax2+bx+c) 2+ bx+o (ax2+bx+c)k

Products and (some) Quotients of Trig Funclions
Isin" xcos” xdx
1. If nis odd. Strip one sine out and convert the remaining sines to cosines using
sin? x =1-cos’ x , then use the substitution # = cosx
2. Ifm is odd. Strip one cosine out and convert the remaining cosines to sines
using cos’ x =1-sin’ x, then use the substitution # =sinx
3. If n and m are both odd. Use either 1. or 2.
4. If n and m are both even. Use double angle formula for sine and/or half angle
formulas to reduce the integral into a form that can be integrated.
Itan" xsec” xdx
1. If nis odd. Strip one tangent and one secant out and convert the remaining
tangents to secants using tan® x =sec’ x—1, then use the substitution # =secx
2. Ifm is even. Strip two secants out and convert the remaining secants to tangents
using sec’ x =1+ tan® x, then use the substitution u = tan x
3. If nis edd and m is even. Use either 1. or 2.
4. If n is even and m is odd. Each integral will be dealt with differently.

= (cos2 Jc)3 = (1 —sin? x)s

Convert Example : cos®x
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