Supplemental Pages

Tables: Derivative Rule
Integral Rules
Trigonometry
Area & Volume
Algebra Result
Series

aex CALCULUS ||

Version 2.0

Authors
Gregory Hartman, Ph.D.
Department of Applied Mathematics

Virginia Military Institute

Brian Heinold, Ph.D.

Department of Mathematics and Computer Science

Mount Saint Mary’s University

Troy Siemers, Ph.D.
Department of Applied Mathematics

Virginia Military Institute

Dimplekumar Chalishajar, Ph.D.
Department of Applied Mathematics

Virginia Military Institute

Editor
Jennifer Bowen, Ph.D.

Department of Mathematics and Computer Science

The College of Wooster



Differentiation Rules
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Integration Rules
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The Unit Circle

Common Trigonometric Identities

Pythagorean Identities
sinx+cos’x =1
tan?x 4+ 1 = sec’x

1+ cot? x = csc? x

Sum to Product Formulas
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Cofunction Identities

LT

sin{ — —x) = cosx
2
™ .

cos | = —x) =sinx
2

T
tan (— —x) = cotx
2

X X+y X
cosx—cosy:—25|n( 5 )cos( 5

Product to Sum Formulas

1
sinxsiny = E(cos(x —y) — cos(x + y))

COSXCOosy =

NP -

sinxcosy =

(cos(x —y) + cos(x +y))

(sin(x+y) +sin(x — y))

Definitions of the Trigonometric Functions

Unit Circle Definition

Double Angle Formulas

T
csc (5 —x) = secx sin2x = 2sinxcos x
T cos 2x = cos? x — sin® x
sec (— —x) = cscx
2 =2cos’x—1
Vs
cot(z—x):tanx —=1—2sin?x
2tanx
tan2x = ————
1—tan“x
Power—Reducing Formulas Even/Odd Identities
sin? x — 1 —cos2x sin(—x) = —sinx
2 cos(—x) = cosx
2. 14cos2x
cos x = 7 tan(—x) = —tanx
tanx — L €08 2X csc(—x) = —cscx
1+ cos2x sec(—x) = secx
cot(—x) = —cotx

Angle Sum/Difference Formulas
sin(x £ y) = sinxcosy & cosxsiny

cos(x +y) = cosxcosy F sinxsiny
tanx £ tany

tan(xty) = ——
( 2 1 Ftanxtany

y
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Right Triangle Definition
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Adjacent tand = — cotf = —
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Areas and Volumes

Triangles
h=asin0
Area = %bh

Law of Cosines:

¢ =a*+b?>—2abcosh

Parallelograms
Area = bh

Trapezoids

Area = 2(a+ b)h

Circles

Area = 7r?

Circumference = 27rr

Sectors of Circles

6 in radians
Area = 161
s=rf

s
>

____

o
o
Q

-
o
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Right Circular Cone
Volume = 27r?h

Surface Area =

V2 + h? + wr?

Right Circular Cylinder

Volume = 7r?h

Surface Area =
2xrh + 27r?

Sphere
Volume = $7r°

Surface Area =472

General Cone
Area of Base = A

Volume = 1Ah

General Right Cylinder

Area of Base = A

Volume = Ah

>




Algebra

Factors and Zeros of Polynomials
Let p(x) = apX" + ap_1X""1 + - - - + a1x + ag be a polynomial. If p(a) = 0, then a is a zero of the polynomial and a solution of
the equation p(x) = 0. Furthermore, (x — a) is a factor of the polynomial.

Fundamental Theorem of Algebra
An nth degree polynomial has n (not necessarily distinct) zeros. Although all of these zeros may be imaginary, a real

polynomial of odd degree must have at least one real zero.

Quadratic Formula
If p(x) = ax* + bx + ¢, and 0 < b? — 4ac, then the real zeros of p are x = (—b + /b? — 4ac)/2a

Special Factors

X —a®>=(x—a)(x+a) X —a>=(x—a)(®+ax+a*)
X +a®= (x+a)(x* — ax + a?) X —a* = (® —a*) (¥ + a?)
(X+ y)n =x" + nxn—1y+ ”("le)Xn—ZyZ 4o+ ann—l +y

(X _ y)n — X" — nx"_ly—i— "("le)Xn—ZyZ — et ann—l Fy
Binomial Theorem

(x+y)* =X+ 2y +y? (x—y)? = x> — 2xy + y?
(x+y)>P=x+3C%y+3xy> + )3 (x—y)P =x -3y +3x2 -3

(X+ y)4 — X4 +4X3y+ 6X2y2 +4Xy3 +y4 (X _ y)4 — X4 _ 4X3y+ 6X2y2 _ 4Xy3 + y4

Rational Zero Theorem
If p(x) = apx" + a,—1X""1 4 - -+ + a1x + ag has integer coefficients, then every rational zero of p is of the form x = r/s,
where ris a factor of ag and s is a factor of a,,.

Factoring by Grouping
acx® + adx? + bex + bd = ax?(¢s + d) + b(cx + d) = (ax® + b)(cx + d)

Arithmetic Operations

ad + bc a+b a b

ab+ac=a(b+c)

(Z)_(a)<d>zzg @:1 _a_ _a

(E) \b/ \¢ c bc b b
d c
g b\ _ab a—b b-a ab+ac_b+c
c)] ¢ c—d d-c N
Exponents and Radicals
=1 a#0 (ab)*=cb" =0V Ja=a'l? % =7 Va=a'/"

X X 1 n
(E) _T am = gm/n a X = o vab = y/av/b (@) = a¥ \"/g = \H/E



Additional Formulas

Summation Formulas:
n

iz"lz n(n+1)(2n+1) 0 5 [(n(n+1)\?

Trapezoidal Rule:

b
/ f(x) dx ~ % [fx1) + 2f(x2) + 2f(x3) + ... + 2f(xn) + f(Xn11)]

B maxf0)]

with Error <

Simpson’s Rule:

b
/ f(x) dx =~ % [f(x1) + 4f(x2) + 2f(x3) + 4f(Xa) + ... + 2f(Xp—1) + 4f(Xn) + f(Xn11)]

(b—a)®

with Error < 8o [ max | (x)]]

Arc Length: Surface of Revolution:
b b
L:/ JIEF O dx 5:27r/ FOVITF O

(where f(x) > 0)

b
S:27r/ x/ 14+ f'(x)? dx

(wherea, b > 0)

Work Done by a Variable Force: Force Exerted by a Fluid:

b b
W:/ F(x) dx F:/ wd(y) ¢(y) dy

Taylor Series Expansion for f(x):

£(c)
2!

(x —¢)? +]¥(x—c)3+... +

pn(x) = flc) + f'(e)(x =€) +

Maclaurin Series Expansion for f(x), where ¢ = 0:

” n (n)
pn(x>=f<0)+f/(0)x+f2<?) , 1O 5 fP0),

] X +TX + ... n!



Summary of Tests for Series:

Test Series Condition(s) of Con'dltlon(s) of Comment
Convergence Divergence
o0
This test cannot be used to
h-Ti li
nth-Term Z; Gn i 9 70 show convergence.
n=
> 1
Geometric Series r rl<1 rl>1 Sum = ——
> i e o
oo a
Telescoping Series Z (bp — bnta) lim b, =1L Sum = <Z b,,) —L
n=1 e n=1
= 1
-Series —_— >1 <1
P Z (an +b)P P p=
n=1
50 (oo} oo
a(n)dn =
Integral Test Zan /1 a(n) dn /1 (n) a, = a(n) must be
. L continuous
n=0 is convergent is divergent
o0 o0
o > b > bn
Direct Comparison Z an n=0 n=0
=0 converges and diverges and
0<a, <bh, 0<b,<a,
o0 o0
b b
0 Z " Z " Also diverges if
Limit Comparison Z an n=0 n=0 .
converges and diverges and lim a,/b, = o0
n=0 n—o0
lim a,/b, >0 lim a,/b, >0
n— 00 n—oo
- {an} must be positive
a a . .
Ratio Test Z an lim L <1 lim = > 1 Also diverges if
n—oo  dp n—oo  dp, .
n=0 lim apy1/a, = 00
n—o0o
{an} must be positive
o0
Root Test Zan lim (an)l/n <1 lim (an)l/n >1 Also diverges if
n—o0 n—-00 . 1/’7
n=0 lim (a,)”" = o0
n—o0o




