ALGEB

Lines

Slope of the line through P| = (x1, y1) and Py = (x3, y2):
"= y2—)1
A2 — X1
Slope-intercept equation of line with slope m and y-intercept b:
y=mx+b
Point-slope equation of line through P; = (xy, y1) with slope m:
y=yr=mx —xp)
Point-point equation of line through P; = (x1, y1) and Py = (xp, y2):

y—y =m(x —x1;) wherem = 2=n
X2 =X
Lines of slope m| and m, are parallel if and only if m| = m,.
Lines of slope m | and m, are perpendicular if and only if m| = — m%
Circles

Equation of the circle with center (a, b) and radius r:
r—a + (=0 =r

Distance and Midpoint Formulas
Distance between P; = (x1, y1) and Py = (x2, y2):

d =\/(XZ —x)?+ (2 —y)?
X1 +x ¥ +Y2)
Ty

Midpoint of Py P;: ( >

Laws of Exponents

RA

Special Factorizations

2=y =Ny
By =+ —xy+y?)
B =y == +xy+y?)

Binomial Theorem

(x+y)2 =x2 4 2xy +y2
(x—yr=xr—2xy+)y?
(x+y)3 =x3+3x2y +3xy2 + 3
(x =y =x3 —3x2y +3xy2 — y3

1., nn— 1)xn—2 2
2

—k _k
Y

x4+ ' =x"+nx""

n
where
(0)

Quadratic Formula

y+

)

nn—1---(m—k+1)

oy gyt

—b+/b? —4ac

Ifax2+bx+c=0,thenx=
2a

Inequalities and Absolute Value

Ifa <band b < ¢, thena < c.
Ifa <b,thena+c <b+c.

K Ifa < bandc > 0, then ca < cb.
XMy = m+n R (xm)n — xmn
x Ifa < bandc < 0, then ca > cb.
1 x\* X" .
XM= — (xy)" = x"y" 2 =2 x| =x ifx>0
xn y yi .
[x]=—x ifx <0
U/ = YT = Y3 5 )= = 22 ’ ; - < . .
M val —a 0 a c—a ¢ c+a
xm/n — nfom — ((‘/})m |x| < @ means |x — ¢| < @ means
—a<x<a. c—a<x<c+a.
GEOMETRY
Formulas for area A, circumference C, and volume V
Cone with
Triangle Circle Sector of Circle Sphere Cylinder Cone arbitrary base
A= Lbh A=mr? A=1r0 V=42 V=nlh V= tnr’h V =1Ah
= %ab sin 6 C =2nr s=r0 A = 4mr? A=nrVr? +h2 where A is the

(6 in radians) area of the base
-

FaNRC VA" I |

Pythagorean Theorem: For a right triangle with hypotenuse of length ¢ and legs of lengths a and b, > = a? + b?.

=

Li -

=



TRIGONOMETRY

Angle Measurement

7 radians = 180°

180°

1°=irad 1rad =

s =r6 (0 inradians)

Right Triangle Definitions

i hyp

sing = P cos 6 = -3 PP

hyp hyp ¢

in 0 0 dj i

tan§ = 7 — E cotf = C(,)S -9

cos®  adj sin@®  opp

1 h 1 h

sec 6 = =Ll,) CSCQ:h—zﬂ

cos®  adj sinf  opp

Trigonometric Functions

. y r
sinf = = csc O = —
r y
X r
cosf = — secO = —
r X
X
tanO_X coth = —
X y
. sin@ 1 —cos6
lim =1 lim =
6—0 0 0—0 0

Fundamental Identities
sin2 @ + cos2 9 =1
1—|—tan29= sec2 0

sin(—@) = —sin 0
cos(—6) = cos 0

1+ cot? 6 = csc? tan(—0) = —tan O

sin (g — 9) =cos 0 sin(@ + 2m) = sin O
cos (g — 9) =sin O cos(6 4+ 2m) = cos O

tan (E — 9) =cot6 tan(60 4+ m) = tan 0

2
The Law of Sines B
sinA _ sinB _ sinC a
a b ¢ c

The Law of Cosines

b
a? =b% +¢% —2bccos A A

Addition and Subtraction Formulas

sin(x 4+ y) = sinxcosy +cosxsiny
sin(x — y) = sinx cosy — cosx siny
cos(x +y) =cosxcosy —sinxsiny

cos(x — y) =cosx cosy + sinxsiny

tanx +tany
tan(x + y) = ——

1 —tanxtany

tanx — tan
tan(x — y) = Y

1 +tanxtany

Double-Angle Formulas

sin2x = 2 sinx cos x

cos2x = cos?x —sin®x =2cos2x — 1 =1 — 2sin®x
2 tan x
tan2x =
1 —tan? x
.9 1 —cos2x 2 1 + cos2x
sin“ x = — Ccos” x = —

Graphs of Trigonometric Functions

y y y 3
y=sinx y=Cos x y=tanx
1+ Y L
24 /1 |
/ | |
L ! !
x — x t t X
72\/# 27 Vx| 2w
2+ |
| |
14 ~1 ! !
y y y
y=csex y=secx y=cotx

1+

A
b=
2

N
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Power Functions f(x) = x*

f(x) = x", n apositive integer

(_1’ 1)

ELEMENTARY FUNCTIONS

neven

Asymptotic behavior of a polynomial function
of even degree and positive leading coefficient

y

Inverse Trigonometric Functions

arcsinx =sin"'x =6

T T
& sinf=x, —— <0< -—
2 T2
6
]l
2 6 =sin"!x
} X
-1 1
_rl
2

y
2f y=x
\
\y =3
T (1, 1)
} } X
- 1
(-1,-1) 14
24
n odd

Asymptotic behavior of a polynomial function
of odd degree and positive leading coefficient

arccosx =cos ' x =0

e

cos O = x,

0<6<nm

14

T

1

6 =cos 'x

=

arctanx = tan"! x = 0

& tanfB=x, —— <0<

SIES
ST

6 =tan"lx




Exponential and Logarithmic Functions

log, x=y & a’=x Inx=y & e =x
log, (@) =x %" =x In(e*) =x eM¥=x
log,1 =0 log,a =1 Inl1 =0 Ine=1
y
y=er
44
y=x
34
2L
/1 y=Inx
t t t t X
-1 1 2 3 4
_1__/

Iim a* =00, a>1 Iim a*=0, a>1
X—>00 X—>—0Q
lim a*=0, 0<a<1 Iim a* =00, O0<a<l1
X—>00 X——00
Hyperbolic Functions
X _ ,—X 1
sinhx = ¢ ¢ cschx = — Y
2 sinh x
ef+e ¥ 1 3T
coshx = 5 sechx = “oshx y = cosh x bl
sinh x cosh x
tanhx = cothx = —
cosh x sinh x f f f f X
-2 -1 1 2
_] =+
y = sinh x ol
_3__

sinh(x + y) = sinhx cosh y + coshx sinh y
cosh(x + y) = cosh x cosh y + sinh x sinh y

Inverse Hyperbolic Functions
In(x +vx? +1)
( +Vx ) x> 1

1 1
tanh™' x = = In e —l<x<l1
2 1—x

y = sinh™'x & sinhy = x sinh™! x

y = cosh™'x <« coshy=x and y >0 cosh™! x

y = tanh™'x & tanhy = x

loga (xy) = loga X+ loga y

loga <£) = loga X = loga y
y

log,(x") =rlog, x

y
y=logyx
2T y=logx
| y = logsx
y=logox
———+—x
1 2 3 4
lim log, x = —o0
x—0t 8a
lim log, x = o0
X—> 00
y
y=cothx
1
y =tanhx
} t
-2 2

sinh 2x = 2 sinh x cosh x

cosh 2x = cosh? x + sinh? x




DIFFERENTIATION

Differentiation Rules
d
1. E(C) =0

d
2. —x =1
dx
d n n—1
3. — (") =nx (Power Rule)
dx

d
4. —[cf (O] =cf'(x)
dx
d
5. —lf () +g)] = @) +g'(x)
X

d
6. L f g = f()g'(x) +g(x) f'(x)  (Product Rule)

, ’
d [f(x)] _ 80 f &) - fg ) (Quotient Rule)

dx | g(x) [g(x)]?

d / .

8. Ef(g(x)) = f'(g(x))g'(x) (Chain Rule)

9. dif(x)n =nfx)""'f'(x) (General Power Rule)
x

10. if(kx +b) = kf'(kx + b)
dx

11. ¢'(x) = m where g(x) is the inverse ffl (x)
d '
12. o In f(x) = 70

Trigonometric Functions

d
13. — sinx = cosx
dx

d

14. — cosx = —sinx
dx
d

15. — tanx = sec® x
dx
d

16. — cscx = —cscx cotx
dx

17. — secx = secxtanx
dx
d

18. Tx cotx = —csc? x

Inverse Trigonometric Functions
1

V1—x2

1

V1 —x2

d
19. E(sin_l x) =

d
20. E(COS_I X) = —

21. %(tan_lx) = l—}—lxz

22. t;ix(csc_1 x) = —x\/%
23. %(sec_1 Xx) = x\/%
24. %(cot_1 Xx) = ~1 —f—lxz

Exponential and Logarithmic Functions

d
25. E(ex) =e*

d
26. —(a*) = (Ina)a”®
dx

d 1
27. — In|x| = —
dx X

d
28. —l =
8 dx(Oga %) (Ina)x

Hyperbolic Functions
d .
29. —(sinhx) = coshx
dx
d .
30. — (coshx) = sinh x
dx
d 2
31. —(tanhx) = sech”“ x
dx
d
32. —(cschx) = —cschx coth x
dx
d
33. —(sechx) = —sechx tanh x
dx

d
34, —(cothx) = — csch? x
dx

Inverse Hyperbolic Functions
1

d
35. E(sinh_l X) =

V1 +x2
d 1
36. — (cosh™ 1 x) =
dx x2 -1

d
37. E(tanh_l x) = 1

d 1
38. —(csch71 X) =

dx IxlVx2 41
d -1 1

39. —(sech™ x) = ————
dx xy1—x2
d 1 1

40. E(coth x) = -2



INTEGRATION

Substitution Integration by Parts Formula

If an integrand has the form f (u(x))u’(x), then rewrite the entire
integral in terms of u and its differential du = u’(x) dx:

f FuGou (x)dx = / Fu)du

/u(x)v/(x) dx = u(x)v(x) —/u’(x)v(x) dx

TABLE OF INTEGRALS

Basic Forms

un+1
1. "du = C, -1
/u u n+1+ n#
d
2.fl=1n|u|+c
u

/e“du:e“+C

il

u

a
a'du=—+C
Ina

=

)
— e e S S S S e —

sinudu = —cosu + C
cosudu =sinu + C
sec? udu = tanu + C
esc?udu = —cotu + C

secutanu du = secu + C

10. cscucotudu = —cscu + C
11. [ tanudu = In|secu| + C
12. [ cotudu = In|sinu| + C
13. | secudu =In|secu + tanu| + C
14. cscudu = 1In|cscu — cotu| + C
d
15. /7M:sin71 E—s—C
/a2 — u? a
d 1
16. /2—” = - L 4c
a? +u? a a

Exponential and Logarithmic Forms
17. /ue“” du = lz(au —De*™ +C
a

1 n _
18. | u"e™du = —u"e™ — — | u" " Le™ du
a a
au

19. /e““ sinbu du = —— (asinbu — bcos bu) + C
a? + b2

au

20. / e cosbudu = ) (a cosbu + bsinbu) + C

a +

21. /lnudu:ulnu—u+C

n+l1

m[(ﬂ-ﬁ-l)lnu— 1+C

22. /u" Inudu =
1
23. / ——du=1Inl|lnu|+C
ulnu

Hyperbolic Forms

24, /sinhudu =coshu + C

25. | coshudu = sinhu + C
26. | tanhudu = Incoshu + C
cothudu = In|sinhu| + C
sechu du = tan~! |[sinhu| 4+ C
+C

1
cschu du = In |tanh Eu

sech® u du = tanhu +C
esch? udu = — cothu +C

32. sechu tanhu du = —sechu + C

14
* h

33. /cschucothudu = —cschu + C

Trigonometric Forms

11
34. /sinzuduziu—zsinZu-i—C

1 1

35. /coszudu =—-u+ —sin2u+C
2 4

36. /tan2udu:tanu—u+C

37. /cotzuduzfcotufquC
1

38. /sin3udu:—5(2+sin2u)cosu+c
1

39. /COSBMdu = 5(2+cos2u)sinu+C
1

40. /tan3udu = itanzu—i-lnlcosul-i-C
1

41. /cot3udu:—Ecotzu—lnlsinul—i—C

1 1
sec® udu = isecutanu+ Elnlsecu—i-tanul +C



43.

4.

45.

46,

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

— e e S S S S S S S S S e

1 1
escd udu = —3 cscucotu + Elnlcscu —cotul +C

1 _ n—1 _
sin udu = ——sin" V' ucosu + —— [ sin" Zudu
n n

1 _ . n—1 _
cos”udu:zcos" 1usmu-i——fcos” 2w du
n

tan” u du = 1 tan" 1w — f tan" "2 u du
-1
cot” udu = ; cot" 1y — / cot" 2 udu
1 -2
sec" udu = ; tan u sec” 2 u + " A /sec”_2 udu
_ n—
n — n—2 n—2 n—2
csc udu = 1 cotu csc u+ 1 csc udu
_ n—
sin(a — b i b
sinau sinbu du = sin(a u — sin(a + b)u +C
2(a —b) 2(a +b)
sin(a — b)u  sin(a + b)u
S budu = C
cosau cosbu du 2a—b) 2a+b) +
s(a — b S b
sinau cos bu du = _cos(a D - cos(a + bu +C
2(a — b) 2(a + b)
usinudu = sinu —ucosu + C
ucosudu = cosu +usinu + C
u" sinudu = —u" cosu +n / u" L cosudu

u" cosudu = u" sinu —n/u”i1 sinu du

sin” u cos™ u du

sin" 1y cos

m+1 u

n—1

n—+m

sin" 1y cos

m—

Ly

n—+m

m—1

n+m

n+m

Inverse Trigonometric Forms
58. /sin_luduzusin_lqu\/l7u2+C
cos L udu :ucos_lu—\/l—uz—i-C

59.

60.

61.

62.

63.

64.

65.

66.

— Y Y Y S e e —

tan~ ' udu = utan™

usin”ludu =

ucos Vudu =

1

4

4
2
_ +1
utan ' udu = “
1
u"sinVudu = ——
n+1
ucos L udu =
n+1
1
utan"ludu =
n+1

1 2
u—iln(l—i-u )+ C

2u? — 1 .1 uv'1—u?

sin
1 u—+ 7

2u?—1 1 uv'1—u?

Ccos u—

4

—1

tan u+C
u— =
2

|:u"+1 sin~lu—

|:u”"'1 cos L u+

|:u"+l tan~lu — /

w1 du

/ sin u cos™ 2 udu

+C

+C

1—u? |

n+1
u du:|’ w41

V1—u?

u" 1 dy

1+u?

/ sin 2 u cos™ u du

>

n#—1

n#—1

Forms Involving Va2 —u2,a > 0
2
67. /\/azfuzduz%\/a27u2+%sin_l EJrC
a
4
68. /uzx/az—uzdu=%(Zuz—az)\/az—uz-i-%sinflE+C
a
2_,2 2 _ .2
69,/_W”du: [ — 02 — aln|2E VAT 0
u
2 2
ac —u 1
| ——du= 2
[

+C

70 ——Va
u
2d 2
71 S /% N BNl e
2 _ .2
d 1 2
7. u 1 a++va u ic
uva? —u? a
d 1
73— - Va2 —u2+cC
2/2 _ 2 a’u

u
3 4
74. /(a2 — W32 qu = —%(2142 —5a2)Wa? —u2 + % sin—' 2 4 ¢
a
u

75. f @ _d:2)3/2 = N
Forms Involving vu2 —a2,a > 0
7. /mdu:;m_§m|u+m|+c
77. /uzmmt
:§(2u2—a2)m—§ln|u+M|+C
./4\/mdu: 2
u

+C

2 1

L ic
|ul

/2 _ 42 /12 — 42
79. /udu:—u—i-ln‘u—i-\/lﬂ—az‘—{—c
u u

78 U= —a* —acos

d
80. /;”:1n‘u+¢u2—a2‘+c
/2 — a2
u? du u a?
8l. [ ——— =~ uz—a2+—ln‘u+\/u2—a2‘+c
2 —a2 2 2
du u? —a?
82. = +C
/uz /i — a2 a’u

du u
83. f P :—a2 —— +C
Forms Involving va2 + u?,a > 0
2
84. f\/a2+u2du: g\/az-‘ruz-‘r %ln(u—b— a2+u2)+C
85. /uzva2+u2du

4
= g(aZ +2ud)Va? +u? - % In(u + Va2 +u?) +C

+C

/.2 2
86. /ﬂdu:vahrﬂ—aln
u
_\/a2+u2
u

a++va?+u?
u

/.2 2
87. /ﬂdu
M2

+In(u+ Va2 +u?)+C



d
88./7u:ln(u+ a2+u2)+C
Va? +u?
u? du u a?
89. 7:—\/a2+u2——ln(u+ a2+u2)+C
/a2 +u2 2 2
du 1 a?+u+a
90. /7:——11’1 —F— |+ C
uva? + u? a u
91/ du _ \/a2+u2+c
Ve re a’u
9, L 4c

du
' / (@ +u?)32 a’ya? 4+ u?

Forms Involving a + bu

d 1
93. /au—i-Zu = 5 (a+bu—alnla+bul) +C

uzdu 1 2 2
94, fa+bu :%[(a—i-bu) —4a(a + bu) +2a” Inla + bul] + C

du 1
95, | 2 _ |2 |4c
/u(a-i—bu) ana-‘rbu‘+
96.fd4“=—i+£1n atbul ¢
u?(a + bu) au g2
d 1
97. v % hja+bul+C
(a+buw)? b2a+bu) b2
du 1 1 a+ bu
98. = — —1In +C
/u(a-i—bu)2 ala+bu) a2
2 2
d 1
99. | M~ —(avbu——L— —2ammja+bul)+C
(a+bu)? b a-+bu

2
100. /u«/a T+ budu = @(Sbu —2a)(a+bu)? +C

101. /u”«/a + budu
[u”(a +bu)3? — na/u"_l«/a + bu duj|

T b2n+3)
udu 2
102. = —(bu —2a)va+bu+C
Va+ bu 3b2( )
103 u" du _ 2u"/a + bu 2na u 1V du
) Ja+bu  b@n+1) b2n+1) ) Ja-+bu
d 1 IV bu —
104. fi":f p|YarbuoVal o e s
uva+bu Ja  |Va+bu+.Ja
2 b
== tan—! /“J_ra“ +C, ifa<0
105 f du _ Ja+ bu b(2n —3) du
) u/a + bu N an —Du™1  2amn—-1) ) wn—V/a+bu
a+ bu du
106. du:2\/a+bu+a/7
/ u u~/a + bu

a+bu Ja+ bu
107. 3 du = —
u

_ +€/"_“
u 2 ) uva+bu
Forms Involving ~2au — u?,a > 0
108. /mdu: u;a 2au—u2+§cos71 (a;u)-i-c
109. /umdu
:7%{27&“7302\/%1147—1424-?0%_] <a7u)+c

6 a

d _
110. f;” = cos™! <a ”) e
V2au — u? a
V2au — u?

- +C

du
111. / =
uv/2au — u? au

ESSENTIAL THEOREMS

Intermediate Value Theorem

If f(x) is continuous on a closed interval [a, b] and f(a) # f(b),
then for every value M between f(a) and f (b), there exists at least
one value ¢ € (a, b) such that f(c) = M.

Mean Value Theorem

If f(x) is continuous on a closed interval [a, b] and differentiable on
(a, b), then there exists at least one value ¢ € (a, b) such that
fb) = f(a)
@)= =
—a

Extreme Values on a Closed Interval

If f(x) is continuous on a closed interval [a, b], then f(x) attains
both a minimum and a maximum value on [a, b]. Furthermore, if

¢ € [a, b] and f(c) is an extreme value (min or max), then c is either
a critical point or one of the endpoints a or b.

The Fundamental Theorem of Calculus, Part |

Assume that f(x) is continuous on [a, b] and let F(x) be an
antiderivative of f(x) on [a, b]. Then

b
/ fx)dx = F(b) — F(a)

Fundamental Theorem of Calculus, Part Il
Assume that f(x) is a continuous function on [a, b]. Then the area
X

function A(x) = f(t)dt is an antiderivative of f(x), that is,

A'(x) = f(x) orequivalently % /x f@ydr = f(x)

Furthermore, A(x) satisfies the initial condition A(a) = 0.



