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PREFACE


This will serve as an excellent reference for in-service professionals in the areas of mathematics, science, and engineering. It will also help students as a quick review for examinations.

Formulas from algebra to vectors are discussed in Part I of the book. Technical terms, theorems, and applicable laws are defined, and their uses are explained. Answers to standard equations in these areas are provided. Equations from straight lines to conics are derived and applications are provided. In the sections on differential and integral calculus, solutions are included for a large number of situations.

Part II is unique in providing numerical data in astronomical, acoustical, optical, and geophysical areas. Properties such as density, specific heat, thermal conductivity, and expansion coefficients are tabulated for a large number of metallic, nonmetallic, organic, and inorganic materials. This information and data will be particularly useful for practicing engineers.

C.P. Kothandaraman






PART I

MATHEMATICAL FORMULAS


CHAPTER 1

ALGEBRA

1 FUNDAMENTAL LAWS




(a) Commutative law: a + b = b + a, ab = ba.

(b) Associative law: a + (b + c) = (a + b) + c, a(bc) = (ab)c.

(c) Distributive law: a(b + c) = ab + ac.



2 LAWS OF EXPONENTS




(a) ax · ay = ax+y, (ab)x = ax . bx, (ax)y = axy.

(b) a0 = 1 if a ≠ 0, a−x = [image: ], [image: ].

(c) [image: ] = [image: ].



3 OPERATIONS WITH ZERO




a − a = 0, a · 0 = 0 · a = 0.

If a ≠ 0, [image: ] = 0, 0a = 0, a0 = 1 (division by zero undefined).



4 COMPLEX NUMBERS




A number of the form a + ib, where a and b are real.

[image: ]



5 LAWS OF LOGARITHMS




If M, N, and b are positive numbers and b ≠ l then

(a) logbM N = logbM + logbN,

(b) [image: ] = logbM − logbN,

(c) logbMp = p . logbM,

(d) [image: ] = [image: ]

(e) [image: ] = [image: ],

(f) [image: ] = 1, logb1 = 0

Change of base of Logarithms (c ≠ l):

[image: ]



6 BINOMIAL THEOREM




(n a positive integer).

[image: ]

where

n! = [image: ] = l · 2 · 3 (n − l) ………n.

Example  5! = 5 × 4 × 3 × 2 × l



7 EXPANSIONS AND FACTORS




(i) (a ± b)2 = a2 ± 2ab + b2.

(ii) (a ± b)3 = a3 ± 3a2 b + 3ab2 ± b3.

(iii) (a + b + c)2 = a2 + b2 + c2 + 2ab + 2ac + 2bc.

(iv) a2 − b2 = (a − b) (a + b).

(v) a3 − b3 = (a − b) (a2 + ab + b2).

(vi) a3 + b3 = (a + b) (a2 − ab + b2).

(vii) an − bn = (a − b) (an–1 + an–2 b + ... + bn–1).

(viii) an − bn = (a + b) (an–1 − an–2 b + ... − bn–1), for n an even integer.

(ix) an + bn = (a + b) (an–1 − an–2 b + ... + bn–1), for n an odd integer.

(x) a4 + a2 b2 + b4 = (a2 + ab + b2) (a2 − ab + b2).



8 RATIO AND PROPORTION




If a : b = c : d or [image: ], then ad = bc, [image: ].

If [image: ]

[image: ]



9 CONSTANT FACTOR OF PROPORTIONALITY (OR VARIATION), k




(i) If y varies directly as x, or y is proportional to x,

y = kx.

(ii) If y varies inversely as x, or y is inversely proportional to x,

[image: ],

(iii) If y varies jointly as x and z,

y = kxz.

(viii) If y varies directly as x and inversely as z,

[image: ].



10 ARITHMETIC PROGRESSION




a, a + d, a + 2d, a + 3d, .... .

If a is the first term, d is the common difference, n is the number of terms, l is the last term, and S is the sum of n terms.

l = a + (n − l) d,

the sum of the series upto l

[image: ]

The arithmetic mean of a and b is (a + b)/2.



11 GEOMETRIC PROGRESSION




a, ar, ar2, ar3, ... .

If a is the first term, r is the common ratio, n is the number of terms, l is the last term, and Sn is the sum of n terms,

l = arn–1,   sum up to n terms [image: ].

If r2 < l, Sn approaches the limit S∞ as n increases without limit,

[image: ]

The geometric mean of a and b is [image: ].



12 HARMONIC PROGRESSION




A sequence of numbers whose reciprocals form an arithmetic progression is called a harmonic progression. Thus

[image: ]

The harmonic mean of a and b is 2ab/(a + b).



13 PERMUTATIONS




Each different arrangement of all or a part of a set of things is called a permutation. The number of permutations of n different things taken r at a time is

P(n, r) = nPr = n(n − l) (n − 2) ... (n − r + l) = [image: ],

where

n! = n(n − l) (n − 2) ...(l).



14 COMBINATIONS




Each of the groups or relations which can be made by taking part or all of a set of things, without regard to the arrangement of the things in a group, is called a combination. The number of combinations of n different things taken r at a time is

[image: ]



15 PROBABILITY




If an event may occur in p ways and may fail in q ways, all ways being equally likely, the probability of its occurrence is p/(p + q), and that of its failure to occur is q/(p + q).



16 REMAINDER THEOREM




If the polynomial f(x) is divided by (x − a), the remainder is f (a). Hence, if a is a root of equation f (x) = 0, then f(x) is divisible by (x − a).



17 DETERMINANTS




The determinant D of order n,

[image: ]

is defined to be the sum

Σ (±) a1i a2j a3k ... anl

of n! terms, the sign in a given term being taken plus or minus according to the number of inversions (of the numbers l, 2, 3, ..., n) in the corresponding sequence i, j, k, ..., l, is even or odd.

The cofactor Aij of the element aij is defined to be the product of (− l)i + j by the determinant obtained from D by deleting the ith row and the jth column.

The following theorems are true:


(a) If the corresponding rows and columns of D be interchanged, D is unchanged.

(b) If any two rows (or columns) of D be interchanged, D is changed to − D.

(c) If any two rows (or columns) are alike, then D = 0.

(d) If each element of a row (or column) of D be multiplied by m, the new determinant is equal to mD.

(e) If each element of a row (or column) is added m times the corresponding element in another row (or column), D is unchanged.

(f) D = a1j A1j + a2j A2j + ... + anj Anj,    j = l, 2, … .., n.

(g) 0 = a1k A1j + a2k A2j + ......... + ank Anj,   if j ≠ k.

(h) The solution of the system of equations

ai1 x1 + ai2 x2 + ... + ain xn = ci, i = l, 2, …, n,

is unique if D ≠ 0. The solution is given by the equations

Dx1 = C1, Dx2 = C2, …, Dxn = Cn,



where Ck is what D becomes when the elements of its kth column are replaced by c1, c2, …, cn, respectively.

EXAMPLE 1.

[image: ]

EXAMPLE 2.

Find the values of x, y, and z, which satisfy the system

3x + 2y + z = 1000

4x + y + 3z = 1500

x + y + z = 600

Solution:

Here,

[image: ]

[image: ]

[image: ]



Interest, Annuities, Sinking Funds.


In this section, n is the number of years, and r is the rate of interest expressed as a decimal.



18 AMOUNT




A principal P placed at a rate of interest r for n years accumulates to an amount A, as follows:

At simple interest: A = P (l + nr).

At interest compounded annually: A = P(l + r)n.

At interest compounded q times a year: A = [image: ].



19 NOMINAL AND EFFECTIVE RATES




The rate of interest quoted in describing a given variety of compound interest is called the nominal rate. The rate per year at which interest is earned during each year is called the effective rate. The effective rate i corresponding to the nominal rate r, compounded q times a year is:

[image: ]



20 PRESENT OR DISCOUNTED VALUE OF A FUTURE AMOUNT




The present quantity P which in n years will accumulate to the amount A at the rate of interest r, is:

At simple interest: [image: ]

At interest compounded annually: [image: ]

At interest compounded q times a year: [image: ]

P is called the present value of A due in n years at rate r.



21 TRUE DISCOUNT




The true discount is:

D =A − P.



22 ANNUITY




A fixed sum of money paid at regular intervals is called an annuity.



23 AMOUNT OF AN ANNUITY




If an annuity P is deposited at the end of each successive year (beginning one year hence), and the interest at rate r, compounded annually, is paid on the accumulated deposit at the end of each year, the total amount N accumulated at the end of n years is

[image: ]

N is called the amount of an annuity P.



24 PRESENT VALUE OF AN ANNUITY




The total present amount P which will supply an annuity N at the end of each year for n years, beginning one year hence (assuming that in successive years the amount not yet paid out earns interest at rate r, compounded annually), is:

[image: ]

P is called the present value of an annuity.



25 AMOUNT OF A SINKING FUND




If a fixed investment N is made at the end of each successive year (beginning at the end of the first year), and interest paid at rate r, compounded annually, is paid on the accumulated amount of the investment at the end of each year, the total amount S accumulated at the end of n years is:

[image: ]

S is called the amount of the sinking fund.



26 FIXED INVESTMENT, OR ANNUAL INSTALLMENT
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