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x X x is a member of X
{ },  The empty (or null) set
S T S is a subset of T
S T S is a proper subset of T
(a,b) Ordered pair
P(s) Power set of S
(a1, a2, ..., an) n-tuple
A  B Cartesian product of A and B
A B Union of A and B
A B Intersection of A and B

x

A binary relation from A to B is a subset of A  B.

If A = {a1, a2, ..., am} and B = {b1, b2, ..., bn
to B can be represented by the m  n matrix 
M  < [mij

mij = { 1 if (ai, bj) 

0 if (ai, bj) 

 

Si = {s0, s1, ..., sn

Input

State
S0
S1
S2
S3

i0
S0
S2
S3
S0

i1
S1
S2
S3
S3

i2
S2
S3
S3
S3

i3
S3
S3
S3
S3

S0

S2

S3S1

i2

i2, i3

i0, i1, i2, i3i0, i1

i1 i3
i0

i1, i2, i3
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surjective, or bijective.

An injective (one-to-one) relationship exists if, and only if, 
x1, x2 X, if f (x1) = f (x2), then x1 = x2

A surjective (onto) relationship exists when y Y, x X such that f(x) = y

A bijective relationship is both injective (one-to-one) and surjective (onto).

Ax + By + C = 0
The standard form of the equation is

y = mx + b,
which is also known as the slope-intercept form.

The point-slope form is 

y – y1 = m(x – x1)

m = (y2 – y1)/(x2 – x1)
m1 and m2 is

= arctan [(m2 – m1)/(1 + m2·m1)]
Two lines are perpendicular if m1 = –1/m2

The distance between two points is

ax2
 + bx + c = 0

The standard form of the equation is 
(x – h)2

 + (y – k)2
 + (z – m)2

 = r2
 

with center at (h, k, m).

In a three-dimensional space, the distance between two points is

x to the Base b 

b (x) = c 

where bc
 = x

b = e or b 
ln x, Base = e

x, Base = 10

b x a x a b)
x 10 x)/ 10 e 10 x)
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b b
n
 = n

xc
 = c x xc

 c x)

xy x y

b b

x/y x y

z = a + jb

where

a = real component

b

j = 1 some disciplines use i 1

In polar form z = c  
where

c = 
–1

 (b/a),

a = c cos , and

b = c sin .

z1 = a1 + jb1 = c1 (cos 1 + jsin 1) = c1 1 and

z2 = a2 + jb2 = c2 (cos 2 + jsin 2) = c2 2, then

z1 + z2 = (a1 + a2) + j (b1 + b2) and

z1 – z2 = (a1 – a2) + j (b1 – b2)

polar form.

z1 z2 = (c1 c2) 1 + 2)

z1/z2 = (c1 /c2) 1 – 2)

z1 = (a1 + jb1 z1* = (a1 – jb1). The product of a complex number and 
z1z1* = a1

2
 + b1

2.

x = r cos y = r sin = arctan (y/x)
2 2

x + jy = r (cos + j sin ) = re j

[r1(cos 1 + j sin 1)][r2(cos 2 + j sin 2)] = r1r2[cos ( 1 + 2) + j sin ( 1 + 2)]

(x + jy)n = [r (cos + j sin )]n = rn(cos n + j sin n )

y

x

r
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ej = cos + j sin 

e j = cos – j sin 

If k k distinct roots. The k roots of r (cos + j sin ) can be 
n = 0, 1, 2, ..., (k – 1) in the formula

sin = y/r, cos = x/r 

tan = y/x, cot = x/y

csc = r/y, sec = r/x 

a2
 = b2

 + c2
 – 2bc cos A

b2
 = a2

 + c2
 – 2ac cos B

c2 = a2
 + b2

 – 2ab cos C

A First Year of College Mathematics
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cos = sin ( sin ( )

sin = cos ( cos ( )

csc = 1/sin 

sec = 1/cos 

tan = sin /cos 

cot = 1/tan 

sin2 + cos2 = 1

tan2 + 1 = sec2 

cot2 + 1 = csc2 

sin ( + ) = sin cos + cos sin 

cos ( + ) = cos cos – sin sin 

sin 2 = 2 sin cos 

cos 2 = cos2 – sin2 = 1 – 2 sin2 = 2 cos2 – 1

tan 2 = (2 tan )/(1 – tan2 )

cot 2 = (cot2 – 1)/(2 cot )

tan ( + ) = (tan + tan )/(1 – tan tan )

cot ( + ) = (cot cot – 1)/(cot + cot )

sin ( – ) = sin cos – cos sin 

cos ( – ) = cos cos + sin sin 

tan ( – ) = (tan – tan )/(1 + tan tan )

cot ( – ) = (cot cot + 1)/(cot – cot )

sin ( /2) = 

cos ( /2) = 

tan ( /2) = 

cot ( /2) = 

sin sin = (1/2)[cos ( – ) – cos ( + )]

cos cos = (1/2)[cos ( – ) + cos ( + )]

sin cos = (1/2)[sin ( + ) + sin ( – )]

sin + sin = 2 sin [(1/2)( + )] cos [(1/2)( – )]

sin – sin = 2 cos [(1/2)( + )] sin [(1/2)( – )]

cos + cos = 2 cos [(1/2)( + )] cos [(1/2)( – )]

cos – cos = – 2 sin [(1/2)( + )] sin [(1/2)( – )]
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Nomenclature
A = total surface area

P = perimeter

V = volume

Parabola

 

 

Ellipse

a

b

(h, k)
x'

y'

where

/
Engineering Formulas
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A

s

d

r

Engineering Formulas

Circular Sector

Engineering Formulas

Sphere

Engineering Formulas
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If a = b

(n equal sides)

Engineering Formulas

Prismoid

Engineering Formulas
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Engineering Formulas

Engineering Formulas

8
Engineering Formulas
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e = eccentricity = cos /(cos )
X and Y 

Engineering Formulas

Case 1. Parabola e

(y – k)2 = 2p(x – h h, k) is the standard form of the equation. When h = k = 0,
p/ x = –p/2

A First Year of College Mathematics,

Case 2. Ellipse e < 

a

b

(h, k)
x'

y'

h, k) is the standard form of the equation. When h = k = 0,

ae, x a/e

A First Year of College Mathematics,
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Case 3. Hyperbola e

Center at (h, k) is the standard form of the equation. When h = k = 0,

ae  x a/e
A First Year of College Mathematics,

Case 4. Circle e = 
(x – h)2

 + (y – k)2
 = r2 h, k) is the standard form of the equation with radius

2 2

x ,y

t2 = (x – h)2 + (y – k)2
 – r2

A First Year of College Mathematics,
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Ax2
 + Bxy + Cy2

 + Dx + Ey + F = 0
where not both A and C 

If B2
 – 4AC

If B2
 – 4AC

If B2
 – 4AC = 0, the conic is a parabola.

If A = C and B

If A = B = C

x2
 + y2

 + 2ax + 2by + c = 0
is the normal form of the conic section equation, if that conic section has a principal axis parallel to a coordinate axis.

h = –a k = –b
2 2

If a2
 + b2 – c is positive, a circle, center (–a, –b).

If a2
 + b2

 – c –a, –b).

If a2
 + b2

 – c

y = f (x), the derivative = Dx y = dy/dx = y

Test for a Maximum
y = f (x) is a maximum for

x = a, if f (a) = 0 and f (a) < 0.

Test for a Minimum
y = f (x) is a minimum for

x = a, if f (a) = 0 and f (a) > 0.

y = f (x x = a,

if f (a) = 0, and

if f (x

x = a.

The Partial Derivative
In a function of two independent variables x and y, a derivative with respect to one of the variables may be found if the other 
variable is assumed to remain constant. If , the function

z = f (x, y)
becomes a function of the single variable x, and its derivative (if it exists) can be found. This derivative is called the partial 
derivative of z with respect to x. The partial derivative with respect to x 

,
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The Curvature of Any Curve

The curvature K of a curve at P PQ as Q approaches P

Wade, Thomas L., Calculus

When it may be easier to differentiate the function with respect to y rather than x, the notation x will be used for the derivative.

The radius of curvature R K at that 
point.
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If the fractional function f(x)/g(x) assumes one of the indeterminate forms 0/0 or / (where 

Also, xi 0 for all i.
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Derivatives 

1. dc/dx = 0

2. dx/dx = 1

3. d(cu)/dx = c du/dx

4. d(u + v – w)/dx = du/dx + dv/dx – dw/dx

5. d(uv)/dx = u dv/dx + v du/dx

6. d(uvw)/dx = uv dw/dx + uw dv/dx + vw du/dx

8. d(un)/dx = nun–1
 du/dx

d[f (u)]/dx = {d[f (u)]/du} du/dx

10. du/dx = 1/(dx/du)

11. 

12. 

13. 

14. d(eu)/dx = eu
 du/dx

15. d(uv)/dx = vuv–1
 du/dx + (ln u) uv

 dv/dx

16. d(sin u)/dx = cos u du/dx

d(cos u)/dx = –sin u du/dx

18. d(tan u)/dx = sec2 u du/dx

d(cot u)/dx = –csc2 u du/dx

20. d(sec u)/dx = sec u tan u du/dx

21. d(csc u)/dx = –csc u cot u du/dx

22. 

23. 

24. 

25. 

26. 

Derivatives 
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1. d f (x) = f (x)

2. dx = x

3. a f(x) dx = a f(x) dx

4. [u(x) v(x)] dx = u(x) dx v(x) dx

5. 1 1
1

6. u(x) dv(x) = u(x) v(x) – v (x) du(x)

8. 2

10. sin x dx = – cos x

11. cos x dx = sin x

12. 

13. 

14. x sin x dx = sin x – x cos x

15. x cos x dx = cos x + x sin x

16. sin x cos x dx = (sin2 x)/2

18. tan x dx = –ln cos x = ln sec x

cot x dx = –ln csc x = ln sin x

20. tan2 x dx = tan x – x

21. cot2 x dx = –cot x – x

22. eax
 dx = (1/a) eax

23. xeax
 dx = (eax/a2)(ax – 1)

24. ln x dx = x [ln (x) – 1]  (x > 0)

25. 

26. 
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number. If the differences are equal, the series is arithmetic.
a.

2. The common difference is d.
3. The number of terms is n.
4. The last or nth term is l.
5. The sum of n terms is S.

l = a + (n – 1)d
S = n(a + l)/2 = n [2a + (n – 1) d]/2

a.
2. The common ratio is r.
3. The number of terms is n.
4. The last or nth term is l.
5. The sum of n terms is S.

l = arn 1

S = a (1 – rn)/(1 – r r 1

S = (a – rl)/(1 – r r 1

limit Sn a 1 r r 1
n

r r 1.

0

x x that is continuous for all values of x 
within the interval and is said to represent the function in that interval.

the series.

interval common to the two series.
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is called Taylor's series, and the function f (x) is said to be expanded about the point a in a Taylor's series.

If a = 0, the Taylor's series equation becomes a Maclaurin's series.

A common class of ordinary linear differential equations is

where bn, … , bi, … , b1, b0 are constants.

f(x) = 0, the solution is

where rn is the nth distinct root of the characteristic polynomial P(x) with

P(r) = bnr
n
 + bn–1r

n–1
 + … + b1r + b0

If the root r1 = r2, then C2e
r2 

x
 is replaced with C2xer1x

.

x. The complete solution for the differential equation is

y(x) = yh(x) + yp(x),

where yp(x) is any particular solution with f(x) present. If f(x) has ern x
 terms, then resonance is manifested.  

f(x yp(x

f(x)  yp(x)
A  B

Ae x
  Be x, rn

A1 sin x + A2 cos x  B1 sin x + B2 cos x

If the independent variable is time t, then transient dynamic solutions are implied.

y + ay = 0, where a 
Solution, y = Ce–at

where C 

is the time constant
K
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The solution is

An equation of the form
y + ay + by = 0

y = Cerx
 

(r2
 + ar + b) Cerx

 = 0
and since Cerx

 

r2
 + ar + b = 0

The roots of the characteristic equation are

and can be real and distinct for a2
 > 4b, real and equal for a2

 = 4b, and complex for a2
 < 4b.

If a2
 > 4b, the solution is of the form (overdamped)

y = C1e
r1x

 + C2e
r2 x

If a2
 = 4b, the solution is of the form (critically damped)

y = C1+ C2x er1x

If a2
 < 4b, the solution is of the form (underdamped)

y = e x
 (C1 cos x + C2 sin x), where

= – a/2

Fourier Transform

f(t) F( )

t 1

u(t) j

2 2  

 

The roots of the characteristic equation are

Fourier Transform
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s with j provided

Fourier Series
f(t) which has the period T 2 / 0 and has certain continuity conditions can be represented by a series 

plus a constant

The above holds if f(t) has a continuous derivative f t) for  
all t T and as a result the 

The constants an and bn are the of f(t) for the interval 0 to T 
Fourier series of f(t) over the same interval.

T.

n = N the mean square value 2  of the truncated series 

components, or

FN.

0 = 2 /T).

t

T

f  (t)
1

V0

V0

2

T

2

T

0

then

Fourier Series
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f  (t)
2

t

2
2 TTT 0

V0

then

f3(t) = a train of impulses with weights A

t
2TTT 0 3T

then

The Fourier Transform and its Inverse
2

2

We say that x(t) and X(f) form a Fourier transform pair

x(t) X(f)
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Fourier Transform Pairs
x(t) X(f)

1 f

t 1

t f

1

t
f

2
2

1

Fourier Transform Theorems 
Linearity ( ) ( )ax t by t+  ( ) ( )aX f bY f+

Scale change ( )at
1 f

X
a a

Time reversal ( )x t  ( )X f

Duality ( )X t  ( )x f

Time shift 0( )x t t 02( ) j ftX f e

Frequency shift 02( ) j f tx t e 0( )X f f

Modulation 0( )cos 2x t f t

0

0

1
( )

2

1
( )

2

X f f

X f f+ +

Multiplication ( ) ( )x t y t  ( ) ( )X f Y f

Convolution ( )x(t) y t  ( ) ( )X f Y f

Differentiation
n

n

dt

txd )(
( 2 ) ( )nj f X f

Integration ( )
t

–
x d

1
( )

2

1
(0) ( )

2

X f
j f

X f+

( )

*

*

t t
t

t t

t t t
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The unilateral Laplace transform pair

represents a powerful tool for the transient and frequency response of linear time invariant systems. Some useful Laplace 

f(t) F(s)

(t), Impulse at t = 0 1

u(t), Step at t = 0 s
1

t[u(t t = 0
s

1

s

s
2 2

s

s
2 2

0

1

0

assumed that the limits exist.



57

m rows and n columns. The element aij refers to row i and column j.

The rank of a matrix is equal to the number of rows that are linearly independent.

In order for multiplication to be possible, the number of columns in A must equal the number of rows in B.

Matrix multiplication is not commutative.

 

The matrix I = (aij) is a square n × n

Inverse [ ]  
The inverse B of a square n × n matrix A is

where

adj(A) = adjoint of A AT elements with their cofactors) 

= determinant of A

[A][A]–1 = [A]–1[A] = [I] 

where I is the identity matrix.
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false.

2. A has an inverse.

3. A*X = 0 has a unique solution.

5. Columns of A are linearly independent.

8. A is row equivalent to I (identity matrix).

Cullen, C., Matrices and Linear Transformations

Determinants
A determinant of order n consists of n2 numbers, called the elements n rows and n columns and 
enclosed by two vertical lines.

In any determinant, the minor 
jth column and the ith row. 

The cofactor of this element is the value of the minor of the element (if i + j is even
minor of the element (if i + j is odd).

If n value of a determinant of order n is the sum of the n 
expansion of the determinant 
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A = axi + ayj + azk

Addition and subtraction:

A + B = (ax + bx)i + (ay + by)j + (az + bz)k

A – B = (ax – bx)i + (ay – by)j + (az – bz)k

The dot product is a scalar product and represents the projection of B onto A times 

A•B = axbx + ayby + azbz A

The cross product is a vector product sin A and B. The 
product is

The sense of A × B 

A × B = sin 

where

n = unit vector perpendicular to the plane of A and B
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The Laplacian of a scalar function is

2
2

2

2

2

2

2

A • B = B • A A • (B + C) = A • B + A • C

A • A = A 2

i • i = j • j = k • k = 1

i • j = j • k = k • i = 0

If A • B = 0, then either A = 0, B = 0, or A is perpendicular to B.

A × B = –B × A

A × (B + C) = (A × B) + (A × C)

(B + C) × A = (B × A) + (C × A)

i × i = j × j = k × k = 0

i × j = k = –j × i j × k = i = –k × j

k × i = j = –i × k

If A × B = 0, then either A = 0, B = 0, or A is parallel to B.
2

2

Any system whose input v(t) and output y(t

can be described by a difference equation.

Given a function f(x) which has a simple root of f(x) = 0 at  
x = a f(x)  
(j +1)st estimate of the root is

1

The initial estimate of the root a0
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Given a scalar value function
h(x) = h(x1, x2, , xn)

x* Rn such that
h(x*) h(x) for all x

x x

x x x x

Euler's or Forward Rectangular Rule

Trapezoidal Rule
for n = 1

2

for n > 1
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Simpson's Rule/Parabolic Rule (n 
for n = 2

for n 4

with x = (b – a)/n
n = number of intervals between data points

Given a differential equation

dx/dt = f (x, t) with x(0) = xo

k t

x[(k + 1) t] x(k t) + tf [x(k t), k t]

xo to solve recursively for x( t), x(2 t), …, x(n t).

The method can be extended to n n 

In particular, when dx/dt = f (x)

x[(k + 1) t] x(k t) + tf [x(k t)]

which can be expressed as the recursive equation

xk + 1 = xk + t (dxk /dt)

xk + 1 = x + t [f  (x(k), t(k))]


