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 TELEVISION TECHNICAL ASSIGNMENT 

ALGEBRA 

FOREWORD 

The president of a certain college is said to have been 

approached by a prospective engineering student who said, 

"Dr. - - -, I understand that the study of mathematics is 

quite difficult." The president puffed up and stated with 

pride, "Oh, yes -the way we teach it, it is very difficult." 

We don't believe in teaching that way at CREI. We 

believe there are relatively few processes which cannot be 

broken down and explained in a simple practical manner. 

Many subjects have been made difficult to understand and 

impractical to use by the average man by the way in which 

they are taught, not because they are in themselves diffi- 

cult. Such a subject is Algebra. 

Every problem encountered in radio, from simple Ohm's 

Law, E = IR, to the most complex analysis of a directional 

antenna array, is expressed in terms of algebraic equations 

and solved by means of algebraic processes. Most of these 

processes are basically simple. The principal difference 

between the simplest problem and one which seems quite com- 

plex, is that in the latter there are a greater number of 

the basically simple processes to be performed and the in- 

experienced mathematician is tempted to give up in horror 

before attempting to analyze it and break it down into its 

simpler components. 

It should be emphasized that the practical, useful, 

applied algebra of radio as studied in this assignment is 

not difficult. Each process should be thoroughly learned 

by practice before going on the the next. When the processes 

are learned, their application becomes simply a matter of 

orderly thought and reasonable care. 

Don'tlet the term "Algebra" bluff you. Men with only 

a sixth grade education have successfully mastered this 

assignment. 

E. H. Rietzke, 
President. 
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TELEVISION TECHNICAL ASSIGNMENT 

ALGEBRA 

INTRODUCTION 

The student should begin the 
study or review of algebra in the 

proper frame of mind. Some who have 

not previously studied algebra -and 
others who, looking back on their 
high school days, remember it as 

a difficult and possibly uninter- 

esting subject- should first con- 
sider this point: Algebra is the 

base of all mathematics --and with- 

out a mathematical background, the 

study of radio engineering Prin- 
ciples is imbossible. Every man 
who has ever mastered any tech- 
nical profession has first studied 

the basic mathematics of the pro- 

fession. As a whole the average 

technical man is not a genius -he 
is simply one who has worked a little 

harder to master the fundamentals 

than has the non -technical man. 

FUNDAMENTAL IDEAS.-Algebra is 

a very straight- forward subject- - 
a subject of definite rules and 
processes which when once thoroughly 

understood may be manipulated in 

any conceivable number of combina- 

tions. Everyone uses algebra in 
his everyday computations but rarely 

thinks of it as such. All radiomen 

know the simple expression for 
Ohm's Law, E = IR and its two other 

forms, I = E/R and R = E /I. How 

many think of such transpositions 

of a simple equation as algebra? 

Still in getting from E = IR to 

I = E /R, algebraic division has 

been accomplished. Suppose one has 

$5.00, and then goes into a book store 

and purchases a $2.00 book. He 

then has $3.00 plus a $2.00 book; 

the store is minus a $2.00 book and 

plus $2.00 in cash. A condition of 

equality exists although an algebraic 

transposition has been made from one 
side of an equation to another. 

Suppose that instead of the 
familiar voltage, current, and re- 

sistance of Ohm's Law or the con- 
crete sum of $2.00 and a book, the 

terms dealt with are x, y, and z. 

The substitution of letters does 
not change the method of handling 
the problem because, in the final 
analysis, every term represented by 
a letter in the equation must re- 
present same definite concrete value. 
However, the use of letters for con- 

crete values makes the equation gen- 

eral in form; that is, x, y, z may 
then represent the three factors of 
Ohm's Law or some relationship be- 
tween books and cost, etc. 

A fundamental principle in the 

study of algebra may be expressed in 
one sentence -learn to do one thing 
at a time. The solution of the ¡Host 
complex algebraic expression always 
resolves into a succession of simple 
additions, subtractions, multiplica- 

tions, divisions, raising to some 
power, or extraction of some root. The 
student who experiences difficulty 
with an algebraic problem can almost 

invariably solve the problem if fig- 
ures are substituted for letters. 
In considering the solution of a 
problem, remember that the letters 
or symbols actually represent fig- 
ures, and then use the same processes 

as would be used in handling numbers. 
For example, everyone knows that 4 
times 5 equals 20. If 4 is designated 
by the letter B, aml5 by the letter C, 
then B times C equals 20. In alge- 
braic form this would be written BC = 
20. Writing the letters together 
simply indicates that when the proper 
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2 ALGEBRA 

figures are substituted for letters 

in the final solution, the figures 
will be multiplied together. Other 
ideas are equally simple. 

In the study of radio the prin- 

cipal use of algebra will be to show 

the derivations of some of the 
standard electrical and radio equa- 

tions in order that they may be 
understood and used intelligently, 

rather than merely memorized and 
taken for granted. Algebra is also 

used in the rearranging of such 
equations to find any unknown value 

when other values are given. 

In algebra, letters and symbols 

are substituted in place of numeri- 

cal values in order that a condition 

or an equation may be expressed in 

general form, without actually 
]mowing the numerical value of that 

condition or equation. For example, 

it is known that the condition of 
resonance in an electrical circuit 

exists when the inductive reactance 

of the circuit equals the capacitive 

reactance. This condition may be 
expressed algebraically by saying 

that XL = Xe (XL meaning inductive 

reactance, X meaning capacitive 
reactance.) The condition for res- 

onance exists regardless of the nu- 

merical values of these terms so 
long as they are equal. Another 
familiar equation is N =4884 Vi. 
In this equation any values may be 
substituted for L and C, and when 
the problem is finally solved using 
any desired numerical values, the 
answer will be the wavelength (X) 

of the circuit for the given set 
of conditions. A very ccmnonly used 
equation is the one already men- 
tioned expressing Ohm's Law, I = 

E/R. By simple algebraic processes 
this may be rearranged to show the 

value of R, R = E /I; or the value 
of E, E = IR. 

Before proceeding with the study 
of algebra, it is well to tabulate 
some of the more commonly used signs 
of operation with their meanings: 

WRITTEN 

A+B 

A - B 

A = B 

A : B 

AccB 

A>B 

A < B 

A B, 

or (A) (B) 

A = B, A/B 

or A 
B 

A = + B 

(A + B) or 

[A + B 

READ 

A plus B 

A minus B 

A is equal to B 

A does not equal B 

A varies as B 

A is greater 

than B 

A is less than B 

A times B 

A divided by B 

A = plus B or A 
= minus B 

The,quantity in 
parentheses or in 

brackets 

A y B or A B A is approximately 

equal to B 

THE EQUATION.--An equation is 

merely an expression of equality be- 
tween two values, and is indicated 
by writing the two values separated 
by the sign of equality, ( =). For 
example, R = E /I. In this case the 
value of R is equal to the value of 
E divided by I. An equation is only 

an equation as long as the expres- 
sions on the two sides of the sign 
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THE EQUATION 3 

of equality are of the same value. 
This rule, though simple and very 
evident, is the principle rule to 

remember in the solution of equa- 
tions to find any desired value 
within the equation. It is per- 
missible to change the value of one 

side of the equation provided the 
same change is also made in the 

other side, so as not to destroy 
the condition of equality. It is 

possible to add to, subtract from, 

multiply, divide, or change in any 

way both sides of the equation by 
the same amount and still have the 

condition of equality. 

The student should memorize the 

following rules that apply to any 
equation. 

RULE I: The same quantity may 

be added to both sides of an equa- 

tion without affecting the equality. 

EXAMPLE: 

Adding 1 to both 

sides 

Therefore, if 

Then 

2 = 2 

2 + 1 = 2 + 1 

= B 

A + 1 = B + 1 

RULE 2: The same quantity may 

be subtracted from both sides of an 

equation without affecting the 
equality. 

EXAMPLE: 

Subtracting 1 from 

both sides 

Therefore, if 

Then 

3 =3 

3 - 1 = 3 - 1 

A = B 

A - 1 = B - i 

RULE 3: Both sides of an equa- 

tion can be multiplied by the same 
number without affecting the equal- 

ity. 

EXAMPLE: 2 = 2 

Multiplying both 

sides by 2 

Therefore, if 

Then 

2 x 2= 2 x 2 
=B 

2A = 23 

RULE 4: Both sides of an equa- 

tion may be divided by the same num- 
ber without affecting the equality. 

EXAMPLE: 2 = 2 

Dividing both sides by 2 2 _ 2 

2 2 
Therefore, if A = B 

Then A B 

2 2 

RULE 5: Both sides of an equa- 

tion may be raised to the same power 
without affecting the equality. 

EXAMPLE: 2 = 2 
Raising both sides 

to the third power 23 = 23 

Therefore, if A = B 

Then A3 B3 

RULE 6: The same root may be 
extracted from both sides of- an 
equation without affecting the 
equality. 

EXAMPLE: 16 = 16 

Extracting square root 
of both sides V16= V 

Therefore, if A = B 
Then VI= 

A few additional rules that aid 
in the transposition of equations 
are as follows: 

RULE 7: Dividing by a number 
is equivalent to multiplying 
by the reciprocal of the num- 
ber. For example, dividing by 
2 is equivalent to multiplying 
by 1/2. 

RULE 8: Division by zero is 
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not acceptable in any equation. 

ALGEBRA 

unit leaves minus two units.N 

(The unit in both examples is x . ) RULE 9: The root of a number 

raised to the same power as the in- 

dex of the root equals the number. 

For example the square root of 2 

squared is 2 or Fir = A2/2 = A. 

RULE 10: Quantities equal to 

the same thing are equal to each 

other. If A = B and B = C then 
= C. 

A few simple rules must be 
learned before an algebraic ex- 
pression can be properly written. 

ADDITION AND SUBTRACTION.-- 
When adding like terms, prefix the 

common term by the number of terms 

which are to be added. 

EXAMPLE: a + a + a may be ex- 

pressed as 3a. (3 is called the 
coefficient of a.) 

xy + xy may be ex- 
pressed as 2xy. (2 is called the 

coefficient of xy.) 
(L - N) + (L - N) 

+ (L - N) may be expressed as 
3(L - N) . [ 3 is called the coef- 
ficient of (L - N) . ] 

ihlike terms cannot be handled 

in the above manner. A + B can only 
be written A + B. xy + AD can only 
be written xy + AD. Any expression 

or term not prefixed by a number is 

understood to have a coefficient 

of 1. For example, A means 1A, 
xy means lxy, etc. Thus: A + 2A 

= 3A. .5A + A = 1.5A. 

The same rules hold true, in 

general, for subtraction. 

EXAMPLES: 4x - 2x = 2x 

x - 3x = -2x 

(Subtracting three units from one 

As in addition, it is not pos- 
sible to subtract unlike terms and 
express as a common term prefixed by 
a numerical value; B - A can only be 
expressed as B - A. 4B - 2A can 
only be expressed as 4B - 2A. Where- 
as, 4B - 38 may be written as B. 3B 

- 5B may be expressed as -2B. 
It will be noted that the rules 

for positive and negative numbers, 
as discussed in the assignment 
bearing that title, are followed 
directly in algebra. In fact, ad- 
dition, taking cognizance of the posi- 
tive and negative signs of the terms, 

is called "Algebraic Addition". 

An example of the use of alge- 
braic addition in a common electrical 
equation is found in one expression 
of the equation for the impedance of 
a circuit, Z2 = R2 + X2. Any desired 
values of R (Resistance) and X ete- 

actance) may be used and, when the 
problem is completed using the desired 
figures, the answer will be Z2 (im- 

pedance of the circuit squared). 
By extracting the square root of 
both sides of the equation (see 
rule 6) the impedance of the cir- 
cuit may be determined. A more 
common form for the above expression 
is, Z = VR2 + X2. This expresses 
directly the impedance of the elec- 
trical circuit. 

If the above circuit contained 
both inductive and capacitive reac- 
tance, the equation would be ex- 
pressed as follows: the conditions 
being shown by the symbols beneath 
the radical, Z = i2 + 2 

,AL 
- X ) 

In this case the square of the 
algebraic difference between XL 
(Inductive reactance) and Xc (Capaci- 

tive reactance) is added to the 
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MULTIPLICATION 5 

square of R (Resistance), and then 

the square root of the final sum is 

determined. 

Instead of saying, "The im- 

pedance of an alternating current 

circuit is equal to the square root 

of the sum of the squares of the 

resistance and the reactance ", this 

may be simply written algebraically. 

Z = Al2 + X2 where X2 = (XL - x")2 

Thus algebra permits the expres- 

sion of a condition or a rule in very 

concise form. Simple algebraic pro- 

cesses also make it possible to re- 

arrange equations to find any desired 

values. Thus if the impedance and the 

resistance of the above circuit are 

]mown, and it is desired to find the 

reactance, the equation may be re- 

arranged as, 

X = 

The methods or rules by which 

the rearranging of an equation is 

done to show varying conditions, 
will be discussed in detail in this 

assignment. In the above equation the 

value beneath the radical could not 

be further simplified -it must be 
written Z2 - R2 until numerical 
values are substituted and the prob- 

lem solved for X, because the terms 

are not like terms and therefore can- 

not be combined in addition or sub- 

traction with a numerical coefficient. 

Exercises 

Reduce to the simplest form: 

1. A +2A- 5A =? 

2. 3n - m + 2n +4m = ? 

3. 1.5x + 2y + 4x - 6y = ? 

4. .417R + R + 10 = ? 
2 2 

5. 1.25R + 2R1 + 4.85R = ? 

Add: 

6. 2x + y and 3x + y 

7. 7x + y, 3x + 7y and 2x - 4y 

8. a + b + c and a - b +c 

9. x2 + xy + y2, x2 - 2xy + y2, 

and x2 + 2xy + y2 

10. 5x2+ 3x + 7, 6x2 - 3x 

and x + 2 and + 13 

Subtract: 

11. 3.9a from 4.7a 

12. ( -3) from 7 

13. 2.5x from 3x 

14. 30 A. from 45 VA 

15. ( -b2 

+ 7, 

x2 y2) from (a2 x2 y2) 

MULTIPLICATION. -In expressing 
the multiplication of terms, the 
terms to be multiplied are simply 
written in succession with no signs 
between terms. 

Examples: I times R is written 
IR. Thus, in the equation of Ohm's 
Law, E = IR, E equals the product of 
.I times d, expressed simply as IR. 
The equation for Inductive Reactance 

shows that XL is equal to the fred- 
uct of 2n (6.28) times F (Frequency) 
times L (Inductance). This is writ- 
ten XL = 2nfl. 

The equation for Wavelength (À) 

shows that wavelength equals the 
Product of 1,884 times the square 
root of the product of L and C. 
This is written, X = 1,384 . . To 
solve this problem, first substitute 
the desired figures for L and C, 
extract the square root of the prod- 

uct of L times C, and multiply 
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the square root by 1,884. 

2N times 4PQ is written 8NPQ. 

(Note -the numerical coefficients 
are actually multiplied. The letters, 

being unlike, cannot be treated in 

such manner, and the multiplication 

can only be indicated by writing the 

letters in succession.) 

Any terms written in succession, 

and not separated by signs of opera- 

tion, in an algebraic expression 

are to be multiplied. Thus 15ABC 

means 15 times A times B times C. 

It must be understood that in multi- 

plying unlike terms or letters it 

is only possible to indicate the 

multiplication. 
When multiplying like terms or 

letters, make use of the laws of ex- 

ponents. a a a a a = a6 

This is the same as aaaaa. Since 

the factors to be multiplied are 

identical, they may be expressed as 

the common factor with an exponent 

equal to the number of factors to be 

multiplied together. This also 

applies to the more complex terms. 

Example: (2abcd) (2abcd) _ 

(2abcd) 2 

Since the exponent applies to every- 

thing within the parentheses, this 

could also be written 22a2b2c2d2 or 

4a2b2c2d2. The first method of ex- 

pression, (2abcd)2 is usually to be 

preferred. 

Another example of multiplica- 

tion: (2a2b3) (4ab2c). 

Multiplying, the product be- 

comes 8a3b 2c. This can be clearly 

proved by enlarging each quantity 

separately and then combining: 

2a2b3 = 2aabbb; 4ab2c = 4abbc. 

Combining, 2aabbb4abbc. Multiplying 

the coefficients, combining the 

like letters, and affixing the prop- 

er exponents, 8a3b 2c. Any number 

of factors combined by multipli- 

cation is considered as one term. 

Examples: 

a3b2C is one term. 

a2 + b - c are three terms. 

xyz + 2a - b2d are three terms. 

An exponent on the outside of 

parentheses refers to everything 
within the parentheses. 

Example: (3a2bc) 
3 

The exponent 3 on the outside of 

the parentheses means that everything 

within the parentheses is to be raised 

to the third power. 33 = 27. a2 

becomes ae. b becomes b3 and c be- 
comes c3. The entire quantity could 

then be written 27a6b3c3. 

An exponent immediately follow- 

ing any letter refers to that letter 

only. 

Example: ab2. The exponent 
refers only to b, and the quantity 

could be enlarged as abb. But, if 

the two letters are enclosed within 

parentheses and the exponent placed 

outside the parentheses as, (able, 

then the exponent refers to both 

a and b, and the quantity may be ex- 

pressed as a2b2 and further enlarged 

to aabb. 

When multiplying two or more 
terms expressed as one quantity, as 

(a + b) by another term Q, Q(a + b), 

all the terms in the quantity to be 

multiplied by the multiplier Q must 
be multiplied individually; thus, 
Q(a + b) means a + b multiplied by 
Q. Both a and b must be multiplied 

individually to enlarge and remove 
the parentheses. 

Multiplicand 

Multiplier 

Product 

Therefore, 

a + b 

Q 

aQ + bQ 

Q(a+b)=aQ+bQ 
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MULTIPLICATION 7 

Another example: xy (be - d + x) 

Multiplicand 

Multiplier 
Product 

bc - d + x 

xy 

bcxy - dxy + x2y 

The answer is still an expres- 

sion of three terms, each of the 

original terms having been multiplied 

by xy to remove the parentheses. In 

most pases the expression would be 

left in its original form, but there 

are times when it is necessary to 

remove the parentheses in order to 

be able to isolate one of the terms 

which is enclosed, and in that case 

each term must be actually multi- 

plied by xy instead of multiplication 

being merely indicated as was done 

in the original expression. It will 

be noted that careful attention must 

be given to the signs of the terms 

in order that the signs of the pro- 

duct may be correct. This will be 

shown below: 

c (a + b) = ac + bc 

-c (a + b) _ -ac - be 

c (a - b) = ac - bc 

-c (a - b) = -ac + be 

When multiplying terms having LIKE 

signs, the product is positive. 

When multiplying terms having UNLIKE 

signs, the product is negative. 

When multiplying two expres- 

sions, each expression having two 

or more terms, the procedure is as 

shown in the examples following: 

(Note particularly that the sign 

of each term must be correct in 

each step.) 

(a + b) (a + b) = a + b 

multiplying by a 

multiplying by b 

adding for total 

product 

a + b 

as + ab 

ab + b2 

a 2 + 2ab + b2 

(a + b) (a - b) = a + b 

a - b 

multiplying by a a + ab 
multiplying by -b - ab - b2 
adding for total a2 - b2 

product 

(Note, ab and -ab when added equal 

zero.) 

(a - b) (a - b) = a - b 

a - b 

a2 - ab 

- ab + b 2 

a2-2ab+b2 

multiplying by a 

multiplying by -b 

adding for total 

product 

(Note that -b times -b equals plus 

b2 and that -ab plus -ab equals -2ab . ) 

(a +b) (x y) = a +b 
x - y 

multiplying by x ax + bx 

multiplying by -y - ay - by 

adding for total ax + bx - ay - by 

product 

(Note that since no terms are similar, 

no two can be combined in addition.) 

It should be noted that in each 

of the above examples extreme care 

must be taken to keep the signs of 

the terms correct. It should also 

be noted that each step of the prob- 

lem is extremely simple and that 

the problem is merely divided into 

a number of smaller elementary prob- 

lems with the entire product being 

finally determined as the sum of 
the individual products. 
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Exercises 

Multiplication, 

16. x x2 x4 = ? 

17. (X$y3z) (x9ÿ iz9) = ? 

18. (ab2c) (a2b) (á lbc4) = ? 

19. (a9+ab+c) a=? 

20. (a2 + ab) 
2 

= ? 

21. (L 

22. (a 

23. (a 

+ M) (L - M) = ? 

-b)3 =? 

+2b -c) (3a - b) = ? 

24. (a9 + b) 
s 

x = ? 

25. (a + ab)z (x - y) = ? 

DIVISION.--The rules for divi- 

sion are the inverse of those for 

multiplication. When dividing like 

terms having exponents, the laws of 

exponents apply. 

3 

Examples: 
á2 

= a. This can be 
a 

shown as MI' 
= a 

aa 

a9 

a- 4 

aa 
a'la'1a'la'í 

= aaaaaa = ag 

Remember 1 - a, and a-1 = 1 

a- 1 a 

abc x2yz xxyz xyz a = 1 
be x x a 

This last example is avery impor- 

tant one to remember. In the third 

example, abc, be is cancelled into 

bc. This léáves a times 1. Since mul- 

tiplying by one does not change the 

value of a quantity, simply drop the 

1 and express the answer as a. In 

the last example however the divisor 

is equal to the dividend and the 
answer is 1, alone. It can be seen 
that the 1 cannot now be dropped as 

the answer would then be zero, which 

is not the case. 

Proof: If a = 2, then 2/2 = 1 

not zero. 

When dividing unlike terms the 

division can only be indicated. 

Examples: á xv E 1 

b z R 2mfC 
These cannot be further sim- 

plified. 

Referring back to nil tiplication: 
It will be remembered that in the case 

of several terms as a quantity to be 

multiplied by another term, each term 

in the quantity must be multiplied, 
as a(b - c + d) = ab - ac + ad. A 
similar rule exists for division. 
When several terms as a quantity are 

to be divided by another term, each 

term in the quantity must be divi- 
ded. Thus, when dividing 

axy + a2z - ab 

a 

each term in the dividend must be di- 

vided by the divisor a, which divides 
evenly into each and results in a 

quotient, xy + az - b. 

In the case of several terms 
in the dividend to be divided by the 
divisor, wherein one or more terms 
of the divisor will not divide evenly, 
division can only be indicated. 

Example: ab + c + adx + xz 
a 

a will divide evenly into the first 
and third terms but not into the second 

and fourth. In the case of the letter 
terms division can only be indicated; 

thus, a will divide evenly into ab and 

adx and will not divide evenly into 
c and xz. The answer is then, 

b +dx +c + xz 
a 
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This expression cannot be further 
simplified. 

29. (ab + ac - a2x) : a = ? 

30. (x2 y4 - 4x2y - x5z) : x2 = ? 

Exercises 
31. (a2b + 2ac - a) + a = ? 

Division, 32. (men + mo + q) _ m = ? 

26. a2bc : ac = ? 33. (a2b + 3ab2 + ab) + ab = ? 

27. xy2 z 3 : az2 = ? 34. 3x + 9y - 18 - 3x = ? 

28. pq 4 _ q2 = ? 35. 18a + 16ax - 14 - ( -2a) = ? 

DIVISION BY A POLYNOMINAL: Division by a polynominal (an expression of 
more than one term) is best shown by example. 

Example I: Divide a2 + 2ab + b2 by a + b Divisor Dividend Quotient 

Set up the problem as follows: a + t a2 + 2ab + b2[ a 

STEP I. Divide the first term (a) of the divisor 
Into the first term (a2) of the dividend. Thus, 
a2 . a = a. Set this quotient (a) át the right 
as shown. 

STEP 2. Multiply the divisor (a + b) by (a), the 
first term of the quotient. This product is 
clearly (a2 + ab); set it under like terms in 
the dividend, namely, a2 + 2ab, as shown in heavy 
print at the right. 

a +bla2 + 2ab +b2L 
a2 + ab 

STEP 3. Subtract a2 + ab from a2 + 2ab, and ob- a + bI a2 + 2ab + 2 la 
tain ab. Bring down the unused terms, namely. Subtract a2 + ab 

(b2) of the original dividend to forma new divi- ab + b2 new 

dend (ab + b2) . dividend 

STEP 4. Divide the first term (a) of the divisor a + bla2 + 2ab + b2 la + b 

into the first term (ab) of the new dividend. a2 + ab 
Thus, ab + a = b. Write this result as the second ab + b2 
term of the quotient. second term of quotient 

STEP 5. Multiply the divisor (a + b) by the sec- 
ond term (b) of the quotient. This gives ab + b2; a + b) a2 + 2ab + b2 la + b 
set this (heavy print) under the new dividend, and a2 + ab 

then subtract it from the new dividend. The re- ab + b2 
mainder is clearly zero in this particular problem Subtract ab + b2 

and means that a2 + 2ab + b2 is evenly divided by O + O remain - 

a + b to give a + b as the quotient. In short, der 

a2 + 2ab + b2 is the square of a + b; that is, 
a2 + 2ab + b2 = (a + b) 2. 
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10 ALGEBRA 

NOTE: Sometimes the divisor is set under the 

quotient as shown to the right. This facilitates Dividend Quotient 

multiplying of the two as discussed in Steps 2 a2 + 2ab + b2 a + b 

and 5, but either arrangement is satisfactory, a2 + ab a + b 

and the student can use the one that he happens ab + b2 Divisor 

to prefer. Indeed, a third variation is to set ab + b2 

the quotient under the divisor, instead of above 0 + 0 Remain - 

it. Obviously, these are mere details of the pro- der 

cess. 

Example II : Divide a3 - b3 - 3a2ó + 3ab2 by a -b 

This example will bring out many points that did 

not arise in the first example. Thus, since the 

divisor is written a - b; i.e., with a preceding 

the b, arrange the dividend in descending powers 

of a, and then proceed as in the first example. 

Divisor Dividend Quotient 

a 
-bla3 

- 3a2b + 3ab2 - 
b3Ia2 - 2ab + b2 

NOTE: 
_3821, - ( -alb) = -3a2b a3 - a 

2 b 
1 

+ a2b = -2a2b - 2a2b + 36b2 

- 2a2b + 28.132 

NOTE: 3ab2 - 2ab2 = ab2 -- ab2 - b2 

ab2 - b3 

0 - 0 Remainder 

Watch signs at every step. Consider-2a2b (shown 

in heavy print). When divided by first term (a) 

of divisor, it yields - 2a2b : a = -2ab, as shown 

by heavy print in quotient. In other words, a 

negative number, when divided by a positive num- 

ber, yields a negative number as the quotient. 

This follows from the general rule that division 

involving terms of unlike signs gives a negative 

sign in the quotient. 

Example III: Divide (4a4 + 2b4) by (2a2 

- 2ab + b2) . The important difference in this 

example is that all powers of' (a) except the fourth 

are missing in the dividend. Since terms involv- 

ing such intermediate powers of a will appear in 

the process of division, provision should be made 

for them in the dividend. The latter should 

therefore be written as: 

4a4 + Oa3b + 0a2b2 + Oab3 + 2b4 

Terms having zero coefficients are normally not 
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DIVISION 11 

written, but it must not be forgotten that they 

are really present. Hence, the above expression 

can be written with the terms 4a4 and 2b4 sepa- 

rated to leave room for the zero terms which, 

however, are not written in. 

Upon performing the first division of 4a4 

by 2a2, thus obtaining the first term of the di- 

visor 2a2, and then multiplying the entire divi- 

sor by this term, there is obtained the first 

minuend, 4a4 -4a9b + 2a2b2 (shown in heavyprint). 

When this is subtracted from the dividend, 4a4 

yields zero when subtracted from 4a4. But-48.3b, 

when subtracted from 0a°b (understood), yields 

0a3b -( -4a9b) = + 4a31), as shown. Similarly for 

+ 2a2b2; 0a2b2 - (2a2b2) = - 2a2b2. 

2a2 - 2ab + b21 4a4 +2b4 12a2 + `Lab + b2 

4a4 -4a9b + 2a2b2 

0 +4a9b - 2a2b2 

4á3b - 4a2b2 + 2ab3 

2a2b2 - 2ab3 _ 2b4 

2a2b2 - 2ab3 + b4 

b4 Remainder 

Next note that 2b4 of the dividend is not 

brought down until the third operation, when 

b4 is subtracted from it. Finally, note another 

difference between this example and the previous 

two -namely, that there is a remainder, b4. 

The complete answer is shown as in arithmetic: 

2a2 + 2ab + b2 + 

To prove an example in division, multiply 

the divisor by the quotient. The product should 

equal the dividend. Consider Example II: the 

divisor is a - b, and the quotient is a2 - 2ab 

+ b2. Multiplying, there is obtained: 

b4 

2a2 - 2ab + b2 

a2 - 2ab + b2 

a - b 

Answer 

Multiplying by a a9 - 2a2b + ab2 

Multiplying by -b - a2b + 26102 - b3 

Adding a9 - 3a213 + 3ab2 - 132 which 

is the original dividend 
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Exercises 

Divide and prove: 

36. 16a2 + 32ab + 16b2 by a + b 

37. á3 -aAb+ab2bya-b 

38. a3-b8bya-b 

39. a3 + b3 by a + b 

40. a4 - b4 by a2 + b2 

41. x3 + 7x2y + 7xy2 + 2y3 by x + y 

42. x4 + 64 by x2 + 4x + 8 

43. 1 - x - 3x2 - x° by 1 + 2x + x2 

44. 

45. 

x6 + x3 + x4y + y3 - 2xy2 - x9y2 
by e +x - y 

(be -125) / (b - 5) 

FACTORING. --In many cases it 

becomes necessary to remove a fáctor 

or term from within parentheses when 

that factor or term is combined with 

other factors or terms. The desired 

factor may be combined with several 

terms within the parentheses. It is 

not desired to change the total 

value of the entire expression. 

Example: (ab + bcq - 2bd) To fac- 

tor remove b from within the parenthe- 

ses, and rearrange the expression, 

so that its value remains unchanged. 

Each of the three terms within 

the parentheses is composed of the 

product of b and one or more letters 

or figures. ab is the product of a 

times b. To remove b from ab it is 

necessary to divide ab by b;a$/y = a. 

The other terms must be treated in the 

same manner. Thus, if the entire ex- 

pression is divided by b, (aJd + $cq - 

2$dA = (a + cq - 2d) . (It has pre- 

viously been shown that if an expres- 

sion composed of several terms is di- 

vided, every term in the expression 

must be divided. Thus, in the above 

expression b is divided into each 

term individually.) 
But, (a + cq - 2d) is not equal 

in value to (ab + bcq - 2bd). It is 

expressly stated that b is to be re- 

moved from within the parentheses 

without changing the total value of 

the expression. 

Since (ab + bcq - 2bd) was di- 

vided by b to obtain (a + cq - 2d), 

if (a + cq - 2d) is now multiplied 

by b the expression will again have 

its original value. However, (a + cq 

- 2d) can be multiplied by b with- 

out placing b within the parentheses. 

b(a + cq - 2d) _ (ab + bcq - 2bd) . 

(See rules 3 and 4.) 
Thus, b has been removed from 

within the parentheses, but without 
changing the total value of the ex- 

pression. The entire expression now 

consists of the product of b times 
the quantity within the parentheses. 

Practical use of factoring in the 

solutions of equations will be shown 

later in this assignment. 

Exercises 

Factoring: 

46. (ab + ab2 + ay) Factor for a 

47. (x2y + aby + 3y) Factor for y 

48. (2m + 15m + mn2p)Factor for m 

49. (ab + 2a2b + b) Factor for b 

50. (4xy + 2x + nx) Factor for x 

SUBSTITUTION OF TERMS.--In any 

equation one term or combination of 

terms may be substituted for another, 

provided the term substituted is 
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exactly equal to the value for which 

it is to be substituted. 

Example: a = 2xy 

z 

Given the equation, 
2áy 

+ q 
z d 

Substituting a for its equiva- 

lent value, a + q = be (See rule 10.) 
d 

Substitution of terms is used in 

many cases where a complex expression 

mist be carried through several opera - 

tions in solving for an unknown. It 

is also extensively used to enlarge 

an equation after the final solution 

has been reached. A practical use of 

substitution is found in the equation 

which states the condition of reson- 

ance in an electrical circuit. XL = 

Xc. It is desired to enlarge this 

equation. Knowing that XL = 2nfL 

and that Xe = 1/2nfC substitute the 

enlarged values for XL and X0, 

2nfL - 1 
2nfC 

It is possible to express this 

equation in terms of L and C and 

still keep it in a more concise form. 

w (Omega) is the symbol for 2nf. 

Again substitute and write the equa- 

tion as, wL = 1/WC. 
Thus the condition of resonance 

may be expressed by any one of the 
three equations, depending upon the 

detail it is desired to show: 

XL = wL = 1 or 2nfL = 1 
wC 2nfC 

The equation which expresses 

the impedance of an alternating 
current circuit containing Resis- 

tance, Inductance and Capacity, is: 

Z=JR' + X2 

But, X = XL - Xe 

OF EQUATIONS 13 

Substituting, Z = VR2 + (XL - Xo)2 

SOLUTION OF EQUATIONS 

In reading the assignment thus 

far, the student must have been 
struck by the fact that an equation 

is not only an equality, but also a 

statement, in shorthand form, of 
what quantities are related to what 

other quantities, and in u.hat manner. 

One of the most significant advances 

of Mankind has been the ability to 

express exact relationships in the 

mathematical shorthand form of the 
equation, rather than in the more 
unwieldly sentence form. Indeed, 

the Arabs, who developed algebra, 
lacked a great deal of modern mathe- 

matical symbolism, and this lack 
hampered them greatly in attempting 

to solve any but the most elementary 

equations. 

As an example of the power of 
modern mathematical expression, the 

following equation is taken from 
Coffin's book "Vector Analysis ". 

V L = 

The entire subject of classical 
dynamics (a branch of mechanics) is 

included in this remarkable formula! 

The catch, of course, is in the 
proper interpretation of the symbols 

Nj and L, and this requires a knowl- 
edge of advanced mathematical methods. 

Where these symbols are used 
often enough to cause them to be re- 
membered, their use is an aid in 
unifying the subject -in permitting 
a central fundamental idea to enable 
any problem in the subject to be 
solved. On the other hand, there 
is a danger that the reader will 
forget what the s horthand expression 
or symbol stands for; i.e., the math- 

ematical shorthand can be abbrevi- 
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14 ALGEBRA 

ated to a point where it becomes 
meaningless. Accordingly, there 

is a tendency today -in certain 
cases -to use a combination of the 
ordinary sentence form and the mathe- 

matical shorthand. 

As an example, in a later 
assignment on vacuum tubes, the 

formula or equation for the second 
harmonic distortion in an amplifier 

stage is expressed as follows: 

second -harmonic distortion = 

Imax + Im1n - 2Ib 

Imax I- min 

Note that the left -hand side is 

really the beginning of a sentence, 

whereas the right -hand side is in 

the mathematical shorthand form. 
While one could have called the 

percent second -harmonic distortion 

H, and used H on the left -hand side, 
this would have required an auxiliary 

sentence to define H, so that it is 

just as brief to state the left -hand 

side directly in sentence form. How- 

ever, in the discussion which follows, 

the more usual types of equations, 

in which symbols are used through- 
out, will be analyzed. 

FUNDAMENTAL PRINCIPLES OF SOLU- 

TION. - In applying the rules and ex- 
amples given previously to the prac- 

tical solution of equations, it will 
be seen that there are three prac- 
tices ingeneral use, and, of course, 

combinations of these practices. 

1. Addition, subtraction, multipli- 

cation, and division performed on 
each side of the equation. 

2. Raising a number to a given 
power, and extracting roots of a 
number. 

3. Substitution of terms. (Factor- 

ing is a combination of division 
and multiplication). 

The practical uses of these 
methods in the solution of equations 
will be shown. An equation can be 
compared to a balance scale. If 
one pound is added to or subtracted 
from one side of the scale, a similar 
operation must be performed on the 
other side to keep the scale in a 
balanced condition. IfA is added to 
one side of an equation, A must also 
be added to the other side of the 
equation. Otherwise, the meaning of 
the word equation is destroyed; that 
is, there is no longer an equality. 

For example, 
(1) A + B = C 

If D is added to A + B, D mus t 
also be added to C on the other side 
of the equation. 

(2) A+ B+ D= C+ D 
This statement can be proved by 

assigning numerical values to A,B,C 
and D. 

D = 7. 

(1) 

(2) 

Let A = 10, B = 5, C = 15, 

10 + 5 = 15 

15 = 15 

10 + 5 + 7 = 15 + 7 

22 =22 
It is quite evident that the ad- 

dition of D to only one side of the 
equation would not give an equality, 
and no balance would exist. 

For example, 

A + B + D = C 

10 + 5 + 7 = 15 (false) 

22 ' 15 
The solution of an equation con- 

sists of getting the desired term on 
one side of the equality sign, with 
all the other terms on the other 
side. In many equations the desired 
factor or term is found in several 
places in the equation. The solution 
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SOLUTION OF EQUATIONS 15 

consists of the steps necessary 
to place factors containing the 

desired term on one side of the 
equation and all the other terms 
on the other side of the equation. 

Such a solution might result from 

solving an equation such as the 
following for A: 

7D (2C + 3A) = 4B + 3C 

for which the solution is 

A = 4B + 3C - 14CD 

21D 

The practical use of alge- 
bra lies in the fact that when 
a condition is expressed alge- 
braically, the value of the left - 
hand expression may be found by 
substituting known numerical val- 
ues for the letters or symbols 
in the right -hand expression. I r- 

forming the indicated processes 
will then lead to the desired 
solution. 

Consider the algebraic ex- 
pression of Ohm's Law, used in 

the solution of many radio cir- 
cuit problems. 

I = E 
R 

The known values of E and R may 
be substituted in this equation 
to solve for I. Assume E = 100 
volts, and R = 10 ohms. Then, 

I =_E = 100 = 10 amperes 
R 10 

It will be seen that the unknown 
value I is on one side of the 
equation only, and that all the 
other values are known, thus mak- 
ing the solution possible. If 
two unknown values were present, 
then a complete numerical solution 
would not be possible. 

Consider another example: 

A = B + C (Solve for B) 

Here, B is added to C and must be 

isolated to result in a solution 
where B is alone on one side of 
the equation. This can be done 
by subtracting C from both sides 
of the equation: 

A- C= B+ C- C 

A - C = B 

Note that 

C - C = 0 

leaving B alone. It is clear that 

if A - C = B, then B = A - C, since 
an equality can be reversed with- 
out affecting it. 

It should now be evident 
that we can move any quantity 
from one side of the equarity 
sign to the other side by merely 
changing its sign. This is true 
where a quantity such as BC is 
moved. but we cannot take B alone 
or C alone by merely changing the 
sign. 

Consider next the expression 

A = C 
B 

(Solve for .9) 

First rewrite the value A/B as 

A(1/8). Then 

A (1/B) = C 

Multiply both sides by B. 

A(B/B) = BC 

A = BC 

It is now evident that a 

quantity can be moved from the 
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denominator of a fraction to the 
numerator on the other side of 
the equality sign without changing 

its sign or the value of the equa- 

tion. The reverse is also true: 
a quantity can be moved from the 
numerator on one side of the equa- 

tion, to the denominator on the 
other side; this can be proved 
by merely reversing the steps 
given above. (These operations 
represent another application of 

the basic rules of algebra pre- 
viously discussed.) 

Thus, consider 

X = YZ 

Solve for Y. If Z is divided into 

both sides of the equation, there 

is obtained: 

Z z 

X = Y 
Z 

In many algebraic equations 

there is more than one term on 
each side of the expression. The 

same procedure is employed in the 

solution as when only one term 
is found. Consider the equation 

a- b+ c= d+ e 

Solve for c. Simply transpose 
both a and -b (note the minus 
sign before b) to the right -hand 
side of the equation where these 
become -a and +b, respectively, 
and at the same time c is left 
alone on the left -hand side: 

C = d+ e- a+ b 

Another point that arises 

very frequently in algebra is the 

use of parentheses in an expres- 
sion. Consider the equation 

a=b - (c - d) 

This states that the difference 
(c - d) must in turn be subtracted 
from b, whereupon the remainder 
equals a. To put it in a slight- 
ly different way, d must first 
be subtracted from c, and the re- 

mainder in turn subtracted from 
b to yield a. 

However, the order of ad- 

dition or subtraction of a set 
of quantities is immaterial. If 

desired, c can first be subtracted 
from b, and then ( -d) subtracted 
from the above remainder. The 
subtraction of ( -d) is the same 
as the addition of (+d), so that 
the above expression can just as 
well be written as 

a = b - c + d 

Note that now the parentheses 

is not employed. Its significance 
in the preceding expression was 
to bring out the fact that the 
quantity to be subtracted from 
b was in turn the difference of 

two quantities: (c - d). As 
shown directly above, the same 
result is obtained by removing 
the parentheses-, and changing 
the signs within the parentheses 
if a minus sign precedes the 
parentheses. (If a plus sign pre- 
cedes the parentheses, then it 
can be removed without any change 
in sign.) 

Parentheses arise in alge- 
braic expressions because in set- 
ting up the equation it has been 
found convenient to group a series 
of terms together. As an ele- 
mentary example, suppose A borrows 
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$1,000 from B in order to carry 
out some business transaction. 
The venture proves a failure; for 

the $1,000 invested, only $300 
is salvaged. A therefore shows 
on his books 

(1,000 - 300) = $700 as anet liability 

Now suppose A's uncle sudden- 

ly dies and leaves him $7,500. 
A's financial position has sudden- 

ly changed for the better. He 

can now write as his assets 

7,500 - (1,000 - 300) = 7,500 - 700 

= $6,800 

Alternatively he can write 

7,500 - 1,000 + 300 = $6,800 

Whether he uses the parentheses 
or not depends in this example 
upon the matter of timing: if 

his uncle's death occurred very 
shortly after his loss he would 
be inclined to associate the three 

terms together without the paren- 

theses; if the death occurred sev- 

eral months later, he would al- 
ready have calculated his loss 

as (1,000 - 300) and then, upon 
receiving the $7,500, would have 
subtracted the parenthetical ex- 
pression from it; i.e., 7,500 - 
(1,000 - 300) . 

The same sort of reason, for 

having a parentheses occurs in 

other problems in algebra. A 
problem may arise that is suf- 
ficiently complicated to require 
its being broken down into parts. 
Suppose the answer to the first 
part is (c - d) . In tackling the 

second part, analysis reveals that 

the solution to this part requires 

EQUATIONS 17 

the subtraction of the answer to 

the first part from the quantity 

b. Therefore, the solution to 

the second part is 

b - (c - d) = a 

The solution can be left in this 
form, or the parentheses removed, 

whereupon (in view of the minus 
sign in front of the parentheses), 

the solution becomes 

a = b - c + d 

Either form is about equal- 
ly desirable. Often, however, 
there is an advantage in remov- 
ing the parentheses in that the 

expression is simplified there- 
by. Suppose the solution to the 
first part of the problem had 
been (c - 2b). Then the solution 
to the second part would be 

a = b - (c - 2b) 

= b - c + 2b 

=3b-c 

The last expression 3b - c is 

clearly simpler than the first. 
Quite frequently equations 

are encountered in which the same 
letter appears several times. For 
example: 

ax+ba+ca= 10 

Solve for a. First factor out a, 

which is common to each term. 

To sol 

must 
of the 

occurs 

ator 
will 

a(x + b + c) = 10 

e for a, all the other terms 

e moved to the other side 
equation. Since (x + b + c) 

as a multiplier in the numer- 

'n the left -hand side, it 

ppear in the denominator on 
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the right -hand side, or 

10 

x + b + c 

The parentheses in the denomina- 

tor may be removed since no other 

terms appear, and there is no 

sign preceding the parentheses 
to change the signs. 

One equauion of the Varley 

Loop, which is a bridge circuit 
used in measuring long lines such 

as encountered in telephony, is 

R2(L - x) : R(112 + x) 

Find R3. First expand the terms 

on the right -hand side by multi- 

plying R by all the terms within 

the parentheses. 

R2 (L - x) = 11R3 + Rx 

Second, transpose Rx from 

the right -hand side of the equa- 

tion to the left -hand side so 
that RR3 remains alone: 

R2(L - x) - Rx =RR3 

Third, R3 must be alone and 

not multiplied by R; therefore, 

transpose R to the left -hand 

side (in the denominator): 

R2 (L - x) - Rx 

R 
- R3 

Another form of the same 

equation for the Varley Loop is, 

RZ R3 + X 

R L - x 

Solve for R2. Transpose R to the 

right -hand side, and obtain 

R(R3+ x) 
R 
2 2 L - x 

for algebra in radio is in the 

study of the derivation of standard 

equations and formulas. A common- 

ly used equation is that express- 

ing the resonant frequency of a 

tuned circuit. 

f - 
1 

2tt 

The condition of resonance 
results when the inductive re- 

actance of a circuit equals the 

capacitive reactance. This may 

be expressed algebraically as 

XL= Xe 

Neither term, in its present form, 

contains f. It is necessary, there- 

fore, to enlarge the equation and 

substitute equivalent values in 

the form of terms in which f ap- 

pears. It will be shown later that 

and 

XL = wL 

X 1 

° wC 

By substitution 

wL = 

wC 

Again it will be shown that 

w =2nf 

so that by substitution 

2nfL = 1 
2tt fC 

f is now contained in both sides 

of the equation, and it is only 

necessary to solve for f. 

First clear of fractions by 

transposing 2nfC to the left -hand 

side: 

One of the most common uses (2ttfe) (2nfl) = 1 
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or 

(2n) 2f2LC = 1 

SOLUTION OF EQUATIONS 19 

Here (2n) (2n) is equivalent 
to (2n)2. f2 is not included in 

the parentheses, as it is desired 

to isolate f2 in order to solve 

for f itself. 

In order to eliminate IC(2n)2 

on the left -hand side of the equa- 

tion, it is necessary to trans- 

pose it to the right -hand side 

whereupon there is obtained 

f$ - 1 
LC (2n) 2 

If the square root of f° is 

extracted, f remains. However, if 

the square root of one side of the 

equation is extracted, then the 

square root of the other side of 

the equation must be extracted, 

too. The equation then becomes: 

VT3-= f = 
1 

IL (2n)' 

On the right -hand side of 

the equation, 

1 

LC (2rz)' 

the square root of 

1 1 

(27) 
2 27 

It is not possible to actually ex- 

tract the square root of IC. The 

operation can only be indicated 

as LC. 
Rearranging, the equation 

becomes: 

f - 
i 

2n Irlf 

This equation may be trans- 

formed further to obtain the equa- 

tion expressing the wavelength (0) 

of a circuit in terms of L and C. 

(Although not previously stated 
it should be noted at this time 

that in the above equation for f, 

the values are all in units, L 

in Henries, C in Farads, and f in 

cycles per second.) 

The fundamental equation for 
the wavelength of any circuit is 

X = V /f, where V is the velocity 

of propagation of an electro -mag- 

netic field through space, usu- 

ally taken as 3 x 108 meters per 

second; f is the frequency in 

cycles per second; and X is the 

wavelength in meters. Enlarging 

the fundamental equation by sub- 

stituting its known equivalent 
values, 

N =V 
f 

V = 3 x 108 meters per second 

1 
f 
-2n 1/1.15 

Then =3x10° 
1 

2n LC 

Looking at just the right -hand 

side of the equation, 3 x 108 is 

divided by 1 /2n VIZ-. Use the rule 

for the division of fractions -in- 
vert the divisor and multiply: 
3 x 108 x 2n VIE/1; or the entire 

expression becomes: 

or 

X = 3 x 108 x2nVie 
i 
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X = 3 x 108 x2.n 

ALGEBRA 

n = 3.14, so 2n is equivalent to 

6.28 or 628 x 10 "2. 

By substitution 

X = 3 x 108 x6228 x 10 "2 VLf 

(Performing the indicated mulii- 

plication) 

X = 1,884 x 106 i/LC 

In this equation, values of 

L and C are in units of the henry 

and the farad, respectively. In 

tuned radio circuits small values 

of L and C are generally used, 
and it is more convenient to eval- 

uate them in micro -units (ih and 

114f) 

The above equation can be 

changed to use these values as 

follows: 

L x 10"8 X C x 10"8 

= 1/LC x 10-12 

L and C may now be expressed in 

micro -unit values as the multi- 

plication by 10 -12 automatically 

converts both L and C to unit 

values within the equation. 

While the square root of L 

and C can only be expressed vIT, it 

is possible to actually extract 

the square root of 10 -12; 

V10'12 = 10"8 

The entire quantity then becomes 

LC x 10 "8. Substituting this 
value in the complete equation, 

Remembering that 

(108 x 10-8 = 10° = 1) 

it follows that 

X = 1,884 

In this final equation the 

factors L and C are expressed in 

micro -unit values and X in meters. 

The equations for frequency 

and wavelength are only two of 
the many commonly used formulas 
which are taken for granted. They 

may be traced back to their sources, 

usually by some very simple equa- 

tion expressing a condition, as 

in the above example. Tracing thé 

equations through their various 
steps and forms, greatly facili- 

tates the thorough understanding 

of alternating current theory, 
which is, of course, the basic 
theory of all radio frequency cir- 

cuits. 

Consider another electrical 
problem which involves practi- 
cally all the algebraic processes 

taken up in this assignment. This 

equation is that of the Murray 
Loop. Study this only as an al- 

gebraic problem and disregard all 

of the electrical theory involved. 

Solve for X. 

R2 X 

R L - X 

First, transpose R and L - X 

to the opposite sides of the equa- 

tion and obtain: 

R2 (L - X) = XR 

(Performing the indicated multi- 

plication) 

X = 1,884 x 106 x 10"e ViiF R2L - R2X = XR 
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Transpose ( -R2X) to the right -haild 

side of the equation and obtain 

R2L = XR + R2X 

X is common to both terms on 

one side of the equation, so an X 
may be factored out. 

R2L = X (R + R2) 

Now transpose (R + R2) to the 

left -hand side: 

R2L 
- X 

R + R2 

Two principal methods are used 

in the solution of parallel resis- 

tive circuits (see Fig. 1), each 

being expressed by an equation 
giving the total resistance. 

R - 

R1 R2 The fraction on the right -hand 
side indicates a division, which 

or is performed as shown, by invert- 
ing the denominator and multiply- - 

R - 
R1 R2 

ing it by the numerator (which is 

R1 + R2 one in this case) . This is a 

rule from arithmetic for handling 

any fraction. 

1 

R 1 

1 1 + 1 

A7 R 
1 2 

The Least Common Denominator (LCD) 

must be found on the right -hand 
side of the equation, and is seen 

Fig. 1. -Two resistances in parallel. 

to be R1R2. Changing the fraction 

by use of the LCD, 

1 

R + 
2 R1 
R1 R2 

Either expression is correct, 

and both are commonly used. They 

are derived from a fundamental ex- 

pression, 

or 
1 1 + 1 

R R1 R2 

R1 R2 
x 1- 

R R2 

R 
2 

R2 + R1 R + 
1 

R = 

R is the reciprocal of 1/R which 1 2 

is the conductance. If the re- which is the alternative form. 
ciprocal is taken of both sides, As an example of the use of 
we have, algebra in calculating the constants 

R1 R2 
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of a vacuum tube, consider the 

following problem: 

If e volts are applied to thè 

grid of the vacuum tube, then (as 

will be developed in a future as- 

signment) the effect is as if µe6 

volts were generated in the plate 

circuit of the tube, where (.L (Greek 

letter mu) represents the so- called 

amplification factor of the tube. 

The apparent generated voltage 

pe acts in series with the so- 

called R or internal plate re- 

sistance of the tube. Suppose a 

load,. resistance RL is connected in 

series with the tube, so that the 

total resistance in the plate cir- 

cuit is the sum of the two, or 

Rp + RL as indicated in Fig. 2. 

A 

Lp 
Rp RL T 

eL=tpRL 

eg 

B 

Fig. 2.- Vacuum tube stage and its 

equivalent circuit. 

It will then be found that part 

of the apparent generated voltage 

pe is consumed internally in R 

ant the remainder appears externally 

as eL across the load resistance R.. 

Suppose that the tube mu (p) 

is known, and e., RL, and eL are 

also either specified or measured. 

The problem is to find R, the in- 

ternal resistance of the tube. 

Since this is not readily accessible 

to direct measurement, as is R,, it 

must be calculated indirectly lin 

the manner to be shown. 

The current i that flows 

through the two resistors is given 

by Ohm's Law (to be discussed more 

fully in a subsequent technical asr 

signent) in the following equation: 

(.Leg = 
P (Rr + 

RI) 

This equation states that the imr 

pressed voltage LLe6 is equal to 

the voltage drop produced by the 

current i flowing through the 

total circuit resistance (R + RL). 

By the same reasoning, the voltage 

drop eL produced across the ex- 

ternal resistor RL alone is 

e = ipRL 

Transfer RL to the left -hand side 

and obtain, 

eL /AL = 1p 

i.e., the equation has been solved 

for i . Now substitute this value, 

namely, eL /RL for ip in the pre- 

vious equation, and obtain 

(11) 
µeó 

¡ 

(R 
P 

+ RL) 

The last equation is now ready 

for further algebraic manipulation 

in order to separate Rp from the 

remaining symbols whose values are 

known -in short, this equation can 

be solved for R in terms of the 

other quantities. First, multiply 

both sides by RL, the denominator 

of the right -hand term; 1.e 

transpose RL to the left -hand sides 

and obtain 

ube6RL = eL (Rp + K,,) 
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Next perform the indicated 
multiplication on the right --hand 

side. Thus, 

µeBRL = eLRP + eLRL 

Transpose eLRL to the left - 

hand side: 

µegRL - eLRL 
= 

eLRP 

Now factor out RL from both 

terms of the left -hand side: 

RL(ueg - eL) = eLRP 

(This step is not really essential 

to solve for R). 
Finally divide both sides of 

the equation by eL, i.e., trans- 

pose eL on the right -hand side to 

the left -hand side and obtain: 

RL(µeg - eL) - R 
P eL 

Thus, RP can be determined from 

specified or measured values of R., 

U, e , and eL. 

eAs an example of actual nu- 

merical values, suppose µ = 20, 

eg = 3 volts, RL = 20,000 ohms, and 

e is measured as 40 volts. Then 

R = 20000 (20 x 3 - 40) 
P 40 

= 20000 (00 - 40) 

40 

= 20,000(-21 = 10,000 oi- 

Most common`` equations are de- 

rived by equally simple methods. 

Derivations of many other equations 

will be shown from time to time 

in later assignments. A good basic 

foundation in algebra will be one 

step toward appreciating the deri 
nations of formulas, which are 
ordinarily known as such through 

constant use without any thought 

being given as to how they are 
derived. 

COMBINATION OF LOGARITHMS AND 

ALGEBRA. -Students frequently en- 
counter difficutly in handling e- 

quations involving logarithms. 

Such an equation is one expressing 

the surge or characteristic im- 

pedance of a transmission line in 

terms of d (diameter of wire) and 

D (distance or spacing between the 

centers of the two wires making up 

the transmission). 

The equation is Z = 276 log 

2D /d (solve for D). Transposing 

276 to the left -hand side: 

276 
log 2D 

d 

(Refer to assignment on Logarithms) 

2D 
= antilog 

d 276 

where the antilog is represented 

merely as the inverse function to 

the logarithm. 
Transpose 2 and d from the 

xeft '-hand side of the equation to 

the right -hand side, and obtain: 

Z 
D d antilog 270 

2 

Or the equation may be written 

D = .5d antilog Z/276 

If a 600 -ohm line were de- 
$1red using No. 10 wire, the di- 

ameter of which is .102 inch, the 

Spacing of the wires would be found 

as follows: 
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Substituting known values and 
performing the indicated operations 

600 = log 2D 

276 .102 

2.174 = log 2D 

.102 

antilog 2.174 = 149 

(where = means approximately equal 

to) 

149 = 19.6D 

D 149 = 7.6 inches 
19.6 

Or substitute directly in the 

equation 

D = .5d antilog Z 
276 

D = .5(.102) antilog 600 
276 

D = .051 antilog 2.174 

D = .051 (149) 

D = 7.6 inches 

Thus, for a surge or character- 

istic impedance of 600 ohms using 

No. 10 wire, the two wires should be 

spaced 7.60 inches between centers. 

RESUME. --All algebra is based 

upon logical steps. It is necessary 

that one step be taken at a time 

in solving equations. An alge- 

braic operation performed on one 

side of the equation must be per- 

formed on the other side of the 

equation, so that an equality con- 

tinues to exist. Indicated arith- 

metical operations may be per- 

formed on only one side of the equa- 

tion without upsetting the balance 

or equality of the equation. When- 

ever in doubt on the solution of 

Symbolic equations, substitute nu- 

merical values for symbols in the 

original equation and in the final 

solution. If an identity or equa- 

lity results, the solution is correct. 

(Numerical values must first be 

substituted in the original equa- 

tion, and must be of such values as 

to make that equation true). 
Example: (original equation) 

ab = c 

Let a = 10, b = 5, soc must equal 
50 (since 5 x 10 = 50) Solve for 

b. 

b .11 (final solution) 
a 

Substituting previous values 

5 50 

10 

5 = 5 which is an identity, so 

the final equation is correct. 
Algebra is nothing more than an 

abbreviated method of writing an 
expression. Algebraic manipulations 

are logical steps to a final solution 

for an unknown quantity. Practice 

will provide a good foundation for 

the solution of problems. 

SIMULTANEOUS EQUATIONS 

In certain types of electrical 

problems, such as in the solutions 

of resistance networks by means of 

Xi rchhoff's Laws, several sets of 

conditions will simultaneously exist 

in a circuit. For example, one re- 

sistor may be common to two or more 

circuits, and the current through 

this resistor will be the resultant 

of the currents in the several cir- 

auits, all of which are not neces- 

sarily flowing through it in the 

same direction. It maybe necescary 
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to determine,. at any given instant,, 
the simultaneous currents flowing 
in the various parts of the circuit. 

To do this, two or more simultaneous 

sets of conditions will be deter- 
mined and expressed by two or more 
simultaneously correct equations 
which contain two or more unknown 
terms. 

The electrical theory of such 
circuits will be discussed in later 

assignments. At this point only the 

mathematical solutions of typical 
equations will be considered. One 

point must be thoroughly understood: 

If, for example, the two terms for 

which the calculation is to be made 

represent two circuit currents, these 

currents must be related to each 
other in the circuit -and this re- 

lation must exist at some instant or 

under a given set of conditions-in 
other words, simultaneously. 

TWO UNKNOWNS. -Consider the 

following pair of simultaneous equa- 

tions, to solve for I and I2. 

2I + 3I2= 13 

5I - 2I2 = 4 

(1) 

(2) 

It is necessary to find a pair 

of values that satisfy each of the 
equations. The solution can be made 

by elimination. One unknown can be 

temporarily elimlinated, and the so, 

lution made for the other unknown, 

which is then placed in either equa- 

tion to furnish the solution for 
the second unknown. 

Multiply Eq. (1) by 5 and Eq. 
(2) by 2. Write these respectively 

EQUATIONS a5 

Eq. (5) is obtained by sub, 
tracting Eq. (4) from Eq. (3) . The 

factors used in multiplication were 
such that the coefficients of the 

I1 values in the two equations be.. 

came equal and hence disappeared in 

the subtraction. Had these identi- 

cal terms been of opposite sign, 
addition of the two equations would 
have been necessary to accomplish 
the elimination. 

Continuing, 

I2 = 57/19 = 3 (6) 

Substituting this value of I2 
in Eq. (1) , 

2I1 + (3 x 3) = 13 (7) 

2I + 9 = 13 (8) 

2I1 = 13 - 9 (9) 

I1 = 13 - 9 = 2 
(10) 2 

Check by substituting 2 for I and 
3 for I2 in Eq. (2) . 

(5 x 2) - (2 x 3) = 4 (11) 

10 - 6 = 4 (Check) 

THREE UNKNOWNS.- Consider a 

case where there are three unknown 
terms as represented by three simul- 
taneous equations. Let these re- 
present three currents, I I2, and 

I. 
as Eq. (3) and Eq. 4). (See rule 

3.) 3I1 + 2I2 - I3 = 

[Eq. (1) x 51 10I1 + 15I2 = 65 (3 ) 4I1 - I2 +513 = 

[Eq. (2) x 2] 10I1 - 4I2 = 8 (4) 

(Subtract) 19I2 = 57 (5) 7I2 + 312 -443 = 
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In this problem first elimi- 
nate one term between two equations 

and then between another two. In 

this case suppose 12 is to be elimi- 

nated first between Eq. (12) and 
Eq. (13) . Multiply Eq. (13) by 

to make the I2 values equal. 

913° 67- 22 = 45 

I3 = 45/9 = 5 

(25) 

(26; 

Substituting I = 2 and I3 = 5 ira 

Eq. (13) . 

(4x2) - 12 + (5 x 5) = 30 (27) 

Bq.(13Jx2: 
8I - 2I2 + 10I3 = 60 (15) 8 - I2 + 25 = 30 

+Bq. (12): 
3II + 2I2 - I3 = 7 (12) 

(16) + 913 =67 

Next, eliminate I between Eq. (13) 

and Eq. (14). Multiply Eq. (13) by 

9 to make the I2 values equal. 

(28) 

-I2=30-8-25 
(29) 

12=8+25-30 

= 3 (30) 

This may be proved by substituting 

8q. (13) x 3: 

( 

I1 =2, I2 =3, and I3 = 5 in Eq. 

12I1 - 3I2 + 15I3 = 90 (17) (12). 

+Bq. (14): 

7II + 3I2 - 4I3 = 3 (14) (3 x 2) + (2 x 3) - 5 = 7 (31) 

19II + 11I3 = 93 (181 
6 + 6 - 5 = 7(Check) 

Eqs. (16) and (18) now con- 

tain only two unknowns, II and I3, 

and are solved as in the preceding 

problem. Multiply Eq. (16) by 11 
and Eq. (18) by 9, and subtract the 

former from the latter to eliminate 

I3. Thus: 

Eq.(/8)x 9: 

171I + 99I3 = 837 (19) 

Bq.(16)x 11: 

121I1 + 99I3 = 737 (20) 

(Subtract) 50I1 = 100 (21) 

I1=2 (22) 

Substituting II = 2 in Eq. (16) 

(11 x 2) + 9I3 = 67 (23) 

22 + 912 = 67 (24) 

32) 

When a system of equations 
contains more than three unknowns, 

procedure similar to the above may 

be followed, eliminating some one 

unknown from pairs of equations to 

form a system of one fewer equations 

in one fewer unknowns. Then pro- 

gressively eliminate unknowns until 

only one remains. This can be 

solved and by substitution the other 

unknowns may be determined. 
There are several other methods 

of solving simultaneous equations 

which may be used but which will not 

be discussed here. It should also 

be remembered that other sequences 

of elimination other than those 

shown could have been used in the 

problem above. These problems should 

be very carefully studied until the 

processes are thoroughly understood. 

This type of problem is very im- 
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portant to the radio engineer be- 61. 2x + 7y + 10z = 25 

cause it contains the basic solution x + y - z = 9 

of complex networks, such as volt- 7x - 7y - llz = 73 

age dividers and attenuation pads. 

It should be understood, that fit. x + 2y + loz = 44 
the sign of an unknown factor m$y 3x + 3y + 7z = 384 

work out to be either positive or 2x + y + z = 256 
negative. This will be shown in 
several of the following exercise 

problems. Check each one as proof QUADRATIC EQUATIONS 
of your work. 

DEFINITION. -Quadratic equa- 
tions are those equations in which 

Exerçises the one unknown quantity appears as 

a square. Pure quadratic equa- 
51. 5x + 2y = 39 Lions contain the unknown only as 

2x - y = 3 a term to the second power. Af- 

fected quadratic equations con - 
52. 2x + y = 3 tain terms in both the first and 

7x + 5y = 21 the second power of the one unknown. 

An example of a pure quad-. 

53. 7x - 2y = 11 ratic equation is the equation, 
x + 5y = 28 3x2 = 48. The solution of a pure 

quadratic equation is quite simple: 

54. x + 4y = 35 Divide both members by the co- 
2x - 3y = 26 efficient of the term in the un- 

known and then extract the square 

55. x + 2y = 9 root of both members: 
3x - 3y = 90 

56. 2x - y = 9 

5x - 3y = 14 

57. x + y - 8 = 0 

y +z -28=0 
x + z - 14 = 0 

58. 5x - 2y - 2z = 12 

x + y + z = 8 

7x + 3y + 4z = 42 

59. lOx - y+3z=42 
6x +2y+ z =53 
3x +3y- z= 24 

60. 6x - 2y + 5z = 53 

5x +3y+7z=33 
x + y + z = 5 

3x2 = 48 

x2 =48= 16 
3 

x = iff= # or -4 

also written + 4, for brevity. 

Note that there are two roots 

that will satisfy a quadratic equa- 

tion, one positive and one negative. 

An example of an affected 
quadratic equation is the equation 

X +2x +5 = 0 

The solution of this type of equa- 

tion usually involves more work 
than the pure quadratic equation 
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solution, but the procedure is made 

quite straight -forward by the use of 

the formula: 

-B + VB2 - 4AC 
x - 

2A 

DERIVATION OF FORMULA. - First, 
consider the derivation and signi- 

ficance of the above equation, and 

then its application to quadratic 

equation solutions will be studied. 

An affected quadratic equation 

may be manipulated in such a manner 

as to contain in its left member 

the algebraic sum of three terms, 

namely, a term in the unknown to 

the second power, a term in the un- 

known to the first power, and usu- 

ally a numerical term. The right - 

hand member will then be zero. All 

affected quadratic equations may, 

therefore, be considered as having 

the general form, Axe + Bx + C = 0, 

where x represents the unknown, A 

is the numerical coefficient of x2, 

B is the coefficient of x, and C is 

the numerical term. 

Thus, Ax2 + Bx + C = 0 can 

represent the equation x2 + 2x + 5 

= 0 if A = +1, B = +2, and C = +5. 

Similarly, Axe + Bx + C = 0 can be 

made to represent any other affected 

quadratic equation we might en- 
counter, if we simply assign suitable 

value to A, B, and C. It follows 

that if Axe + Bx + C = 0 is solved 

for x, then in effect any affected 

quadratic equation encountered in 

the future will have been solved in 

principle. Solving means to find 

the value or values of x that make 

the left -hand expression equal to 

zero, i.e., that satisfy the equa- 

tion. The particular values of x 

are known as the roots of the equa- 

tion. 

To solve Ax2 + Bx + C = 0, 

make use of a method known as "com- 

pleting the square ". In making this 

solution, observe that none of the 

rules for handling algebraic equa- 

tions has been violated: 

General equation 

Ax2 + Bx + C = 0 

Transposing C to the right -hand 

side: 

Ax2 + Bx = -C 

Multiplying both members by A, 

A2x2 + ABx = -AC 

B2 Adding to both sides, 

A2x2 + ABx +13_2_ 

4 
B2 

= - AC 

Multiplying both sides by 4, 

4A2x2 + 4ABx + B2 

= B2 - 4AC 

[The left -hand member of the 

last equation is a perfect square, 

and its square root is 2Ax + B. 

This can be proved by evaluating 
(2Ax + B)2. It will be found to 

equal 4A2x2 + 4ABx + B21. 

Extracting the root of both 
members, 

2Ax + B = + B 2 - 4AC 

Transposing B to the right -hand 
side, 

2Ax = -B + VB2 - 4AC 
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Dividing both members by 2A, 

i.e., transposing 2A to the right - 

hand side: 

-B ± VB2 - 4AC 

2A 

This is the general formula 

for finding the value of the un- 

known in an affected quadratic equa- 

tion. The student should memorize 

this formula, since it may be used 

to solve any quadratic equation. 

Some examples of its application 

follow: 

Examples: 

RK. 1: Find x when 2x2 + 13x + 15 = O. 

In order that this equation 

may be represented by the general 

equation Axe + Bx + C = 0, let A = 2 

B = 13, and C = 15. 

Substituting these values in 

the general formula: 

-13 _+V(13)2 - 4(2) (15) 
x 

2 (2) 

-13 + VW_ -13 + 7 
4 4 

-20 or -6 _ -5 or -1.5 

4 4 

Before accepting the solution 

as correct, it should be ascertained 

whether or not the above roots will 

satisfy the original equation: 

2x2 + 12x + 15 = 0 

2 ( -5) 2+ 13 ( -5) + 15 = 0 

50 - 65 + 15 = 0 (Check) 

2(-1.5)2 - 13(-1.5) + 15 = 0 

4.5 - 19.5 + 15 = 0 (Check) 

Ex. 2: Find x when x2 - 2x-15 = O. 

In order that this equation 

may be represented by the equation 

Axe + Bx + C = 0, the values as- 

signed to A, B, and C must includg 

the sign of the term; thus, A= +1, 

B = -2, C = -15, Substituting 
these values in the general formula: 

x = -B + VB2 - 4AC 
2A 

= - (-2) ± 1/ (-2) 2 - 4 (1) (-15) 
2 (1) 

_ +2 +1/4 + 60 = - 2 + 8 - 10 
- - 

2 2 
- 

= 5 and 
-g 

= -3 
2 

Either of these values of x 

will satisfy the original equation. 

Ex. 3: Solve for x, when x2 
+ 2x + 5 = 0, the example given 

above. 

The same procedure is employed 

A= 1, B = 2, C =5. 

x 
-B + i/B 2 - 4AC 

= - 
2A 

-2 + 22 - 4(1) (5) 

2 
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-2+ v'4- 20 = -2± 
2 2 

The quantity V=Ti must be 
handled with care. The square root 

of -16 is not +4 NOR -4. Either 

of these numbers squared would 
yield +16. falls in the cate- 

gory of imaginary numbers. It can 

be simplified, however. If the 

quantity under the radical sign 
is factored, and if any factor 
appears twice, then that factor 

may be rewritten outside the radical 

sign. as a multiplying factor to 

the first power. Hence, 

>/-16 = (-1) (4) (4) = 4-i 

x=-2±,/-16= -2±4V7-1- 
2 2 

= -1 +2V=i- 

Imaginary numbers will be dis- 

cussed more fully in a later as- 

signment. 
To prove, substitute the two 

possible values for x in the origi- 

nal equation in turn: 

EQUATION WHEN x = -1 + 

x2 = 1 -4V=1-- 

-2 + 4 +2x = 

+5= +5 

xs +2x +5 = 0 

Ex. 4: 

x2-4x=60 

x° -4x - 60 = 0 

4 - 4 = 0 

A= 1, (x=lx),B=-4, C=60 

x = - (-4) + ( -4) 2 - (4 x 1 x-60) 
2 x 1 

=4+1/1-6:4+16 
2 2 

4 + 16 = + 10 
2 

4 -16 =_6 
2 

Note this equation can also be 
factored; that is, (x - 10) (x + 6) 

= x2 - 4x - 60, when multiplied 
together. Taking each factor and 
making it equal to zero, x - 10 = 0, 

or x = 10; x + 6 = 0, or x = -6. 
Inspection of the problem and 

trial and error will often enable 
solution of an equation to be ob- 
tained fairly easily when the values 
of x are not fractions. 

Substitution of either of these 
values for x in the original equa- 
tion solves the equation. A study 
of the above examples shows that 
any quadratic equation having one 

2 MT 

4 

WHEN x = -1-2/F 
1 +4iffr_ 4 

-2-4 
+ 5 

4 - 4 = 0 (Check) 

unknown letter always has two roots. 
In many practical problems if x 
works out to both a positive and 
negative quantity, the negative 
value of x may be discarded. If 

one root cannot be discarded by in- 
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QUADRATIC EQUATIONS 31 

spection, both must be considered 
correct. 

METHOD OF FACTORING. -The use 
of the quadratic formula for the 

solution of quadratic equations has 

been discussed. Factoring is another 

method which can be used to solve 
quadratic equations. This method 

is often much simpler to use than 
the quadratic formula. However, 
the quadratic formula can always 

be used when factors are not readily 

determined. 
In using the multiplication 

tables in arithmetic, factors are 

frequently employed without the 
user being aware of them. The pro- 

duct 12 is a result of several com- 

binations of factors; namely, 6 x 2, 

3 x 4, 12 x 1, etc. 6, 2, 3, 4, 12, 

and 1 are all factors of 12. Fac- 

tors, then, are merely quantities 
Which when multiplied yield the 
given number as their product. 

In this assignment on algebra, 

it has been noted that the product 

(A - B) (A - B) = A2 - 2AB + B2. 

Therefore, from the above definition 

of factors, (A - B) and (A - B) are 

factors of (A2 - 2AB + B2) . Simi- 

larly, if (2x + 4) were multiplied 

by (x - 3), a product would result 

and (x - 3) and (2x + 4) would be 

the factors of that product as shown. 

x - 3 

2x +4 
2x2 - 6x 

+4x -12 

2x2 - 2x - 12 

Another example: 

2x + 4 

Nç -5 
2x2 + 4x 

- lOx - 20 

2x2 - Cíx - 20 

Therefore, (2x + 4) and (x - 5) 

are the factors of the expression 
2x2 - 6x - 20. 

Factoring of equations is done 

by the trial and error method. Con- 

sider the equation A2 - B2 = 0. 

What are its factors? The factors 

of A2 must be A and A, since only 

A times A yields A2. Similarly, 

the factors of B2 are B and B, since 

only B times B yields B2. But, a 

minus sign prefixes the expression 

B2. From the laws of positive and 

negative numbers, the only means of 

obtaining a minus sign is to multi- 

ply unlike signs or a minus times 

a plus. Therefore, it may be sur- 

mised that the factors of A2 - B2 

are (A + B) and (A - B) . Now to 

prove that this reasoning is correct 

if (A + B) and (A - B) are factors 

of (A2 - B2), then the product of 

(A - B) and (A + B) must yield 
(A2 - B2) . 

A + B 

A - B 

A2 +AB 
- AB - B2 

A2 B2 

Therefore, (A + B) and (A - B) are 

factors of (A2 - B2). Since A and 

B are two numbers in general, it 

can, therefore, be deduced that an 
expression involving the difference 

of two squares is factorable in 

two terms, one of which is the sum 

of the two numbers, and the other 

of which is their difference. 
Next, consider the expression 

(2A2 + 3AB + B2). What are its 

factors? In determining the factors 

of 2A2 the coefficient 2 must be 
considered as well as A2. The only 

factors of 2A2 are 2A and A. (2A x A 

2A2). The only factors of B2 are 
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B and B. Therefore, the factors 

of (2A2 + 3AB + BP) may possibly be 

(2A + B) and (A + B) . To check 

this possibility, multiply (2A + B) 

by (A + B) to determine if (2A2 + 

3AB + B2) is their product. 

2A + B 

A + B 

2A2 + AB 
+ 2AB + B2 

2A2 + 3AB + B2 

Therefore, (2A + B) and (A + B) are 

factors of 2A2 + 3AB + B2. 

Another expression which em- 

ploys all the basic ideas that have 

justbeen discussed is (x2 + 7x 

What are its factors? 

First, the factors of x2 are 

x and x. 
Second, the factors of (12) 

could be: 

Case (1) : 12 x 1 

Case (2) : 3 x 4 

Case (3) : 6 x 2 

However, a middle term, 7x, 

exists in the expression, which must 

be satisfied by the factors as well 

as x2 and 12. 

Consider the first combination: 

+ 12). 

(x + 12) (x + 1) 

To determine if x + 12 and 

x + 1 are factors, it is necessary 

to multiply these quantities. 

x + 12 

x + 1 

x2 + 12x 

+ x + 12 

x2 + 13x + 12 

It is evident that (x + 12) and 

(x + 1) are not factors of (x2 + 7x 

+ 12). Instead, they are factors 

of (x2 + 13x + 12) . 

Consider Case (2) using the 

same procedure as that followed 

for Case (1). To determine if 
(x + 3) and (x + 4) are factors; 

x + 3 

x + 4 

X 2 + 3x 

+ 4x + 12 

x2 + 7x + 12 

Since (x + 3) times (x + 4) 

results in (x2 + 7x + 12) , then the 

factors of (x2 + 7x + 12) have been 

determined. It is not necessary that 

(x + 6) and (x + 2) be tried, since 

there are but two factors which 

will satisfy a quadratic equation. 

It will be noted here the 

statement was made that factoring 

is based upon a trial and error pro- 

cess. In the above example, (x + 12) 

and (x + 1) were tried; but were 

eliminated as factors, since their 

product was not (x2 + 7x + 12) . 

However, the product of (x + 3) and 

(x + 4) resulted in (x2 + 7x + 12), 

which determined the correct factors 

for this expression. 

Note that the numbers, 3 .and 4, 

one in each factor, whey added to- 

gether give 7, the coefficient of 

the middle term. This will always 

help eliminate the trials which 

give wrong results. 

Exercises 

Factor the following: 

63. A2 +2AB + B2 

64. 2x2 + 3xC + C2 

65. x2 - 3x - 10 

66. x2 - 11x + 24 

67. 2x2 - 46x - 48 
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QUADRATIC EQUATIONS 33 

ROOTS OF QUADRATIC EQUA- 
TTONS. --The quadratic roots of 
eauations are solved by the quad- 

ratic formula. Quadratic roots may 

also be determined by factoring. 
It might be well to note here that 

the roots or values that will satis- 

fy an equation are as many as the 
highest power of the unknown quan- 
tity. For example, in the expression 

(x4 + 3x2 + 7x2 + 8x + 10 = 0) 

there will be four roots to satisfy 

the equation, since 4 is the highest 

power to which the unknown quantity, 

x, is raised. There will be eight 

roots in the expression (2y8 + 4y8 
+ 2y4 + 3y2 + 2 = 0), since 8 is 

the highest power to which the un- 
known quantity, y, is raised. In 

this assignment the discussion will 

be confined to quadratic roots only. 

As was previously stated, quadratic 

equations are those equations in 

which the unknown quantity appears 

as a square. 

As was previously determined, 

the factors of the equation, 
(x2 + 7x + 12 = 0) , are (x + 3) and 

(x + 4) . If the polynonial x2 + 7x 

+ 12 equals zero, and also equals 
(x + 3) (x + 4) , then this pro- 
duct must equal zero. The pro- 

duct will equal zero if either 
factor (or both) are equal to zero. 

Hence, equate each factor to zero, 

and solve each for x. 

Thus, 

x + 3 = 0 

x + 4 = 0 (Equating factors 

to zero) 

Solving each, there is obtained: 

and 

x = -3 (Solving for x 

the unknown.) 

x = -4 

If x = -3, and x = -4, then 

these numerical values should satis. 

fy the equation (x2 + 7x + 12 = 0). 

Substituting the value x = -3 

in the expression: 

x2 + 7x +12 = 0 

( -3) 
2 

+ 7(-3) + 12 = 0 

Note: -3( -3) = +9 

9 - 21 + 12 = 0 

21 - 21 = 0 

Then, 0 = 0, an identity ex- 

Lsts, and x = -3 is a root of the 

equation. 

Substitute the value x = -4, 

to determine if it is a root of 
the equation. 

x2+7x+12=0 

(-4) 2 + 7 (-4) + 12 = 0 

16-28 +12=0 

28-28 = 

The numerical values for the 

unknown quantity, x, which satis- 
fy that equation have been deter- 

mined. This method is rauch more 
abbreviated that the quadratic 
formula when factors are readily 
attainable. However, when the 

equation is not factorable, then 

the quadratic formula must be used. 
Determine the roots of the 

equation (x2 - 5x - 14 = 0) . 

An inspection of this equa- 

tion indicates the obvious factors 

of x2, namely, x x; and of -14 
are -14 and + 1, or +14 and -1, 
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or -7 and +2, or +7 and -2. Of 

these, -7 and +2, when added, give 

-5, the coefficient of the second 

term ( -5x); hence, the factors are 

probably (x - 7) and (x + 2) . To 

check, multiply them together: 

x - 7 

x + 2 

x2 - 7x 

+ 2x - 14 

- 5x - 14 

(Proving factors correct) 

Equate the factors to zero: 

x - 7 = 0 

x + 2 = 0 

Solve for the unknown, x: 

x = 7 

x = -2 

Solve for the roots of the 

equation (x2 + 2x + 5 = 0). By 
trial process of factoring, the only 

factors of x2 are x and x, and thle 

only factors of 5 are 5 and 1. But, 

x + 5 

x + 1 

x 2 + 5x 

+ x + 5 

x2 + 6x + 5 

Which is clearly different from 
the given polynonial. Hence, the 

latter is not factorable into simple 

terms, and so for this particular 
equation the quadratic formula must 

be used. 
Factoring is an easy method of 

obtaining the roots of an equation 
when that equation can be factored. 

When the equation cannot be factored 

in the ordinary sense of the word, 

then the quadratic formula, 

The roots of the equation, 
(x2 - 5x - 14 = 0), are (x = 7) and x - -b ± 1"b2 - 4ac 

(x = -2). To prove that x = 7 and 2a 

x = -2 are the correct numerical 

values for the unknown quantity, x, must be used. In order for the 

substitute these values into the student to become more familiar 
original equation. with factoring, the exercise prob- 

lems below shoula be solved and 
x2 - 5x - 14 = 0 proved. 

x = -2 

( -2)2 - 5( -2) - 14 = 0 Exercises 

(Note, the algebraic signs must be 

correctly used.) 

4+ 10- 14 = 0 

14 - 14 = 0 (Check) 

x2 - 5x - 14 = 0 

x = 7 

(7) 2 - 5 (7) -- 14 = 0 

49- 35 14 = 0 
49 49 = 0 (Check) 

Determine the roots by factoring 
the following equations and prove 

by substitution: 

68. x2 - 6x - 16 = 0 

69. 3x2 - 27x + 54 = 0 

70. 9x2 + 18x - 16 = 0 

71. 15x2 - 8x VA-7+ A = 0 
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72. x° + 5x + 6 = 0 

QUADRATIC EQUATIONS 

87. (x - 4) (x - 3) = 0 

88. x' - 56 = x The student should carefully 

work all the following exercise pro- 

blems before starting the exami- 

nation. 

73. I - E R+A 
Find A 

74. L = L1 + L, + 2M Find M 

75. Factor (x' - 1) 

7G. C = .0885 KA/d Find A 

77. R = KL/M Find M 

78. L _ 1.26 N' Aµ Find A 
10'd 

79. W = CE' /2 Find E 

80. K - M 
VL1 + LZ 

81. P = I'R 

82. F = 159/V-5ff 

83. 7y' + 2y - 32 = 0 

84. 2A' + 5A = -2 

85. 9x' + 363 = 132x 

86. SB= 4-3B' 

Find L$ 

Find I 

Find C 

Find y 

Find A 

Find x 

Find B 

35 

Find x 

Find x 

89. (2y + 1) (y + 3) = y' -9 Find y 

90. 
a x x 35 

9 3 4 

.866(D1 - Ds) 

6 
91. B - 

92. H=/A+B 
A - B 

93. IN - ABL 

.4n11 

U = 1 CO + H' ) 
8n 

94. 

95. x 

9G. R = r [ 1 + a (t1 - 

e 

Find x 

Find D 

Find A 

Find A 

Find H 

Find P 

))Find a 

97. i - Find R 
,/R' + XL - xe)' 

98. H 
1.256 NI Find N 

L 

99. L - Find C 
1 

39.5 F'C 

100. L = .002A Loge `_ - 1 

Find d in terms of logarithms 
to the base 10. 
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ALGEBRA 

ANSWERS TO EXERCISE PROBLEMS 

1. -2A 25. 

2. 5n + 3m 

26. 

3. 5.5x - 4y 
27. 

4. 1.417R2 + 10 

28. 

5. 6.1R + 2R1 
29. 

6. 5x + 2y 

30. 

7. 12x + 4y 
31. 

8. 2a+2c or2(a+c) 
32. 

9. 3x2 + xy + 3y2 

33. 

10. 11x2 + x + 29 

34. 

11. .8a 

35. 

12. 10 

36. 

13. .5x 

37. 

14. 15 VA- 
38. 

15. (axy) 2 + (bxy) 2 

39. 

16. x7 

40. 

17. x5y2z3 

41. 

18. a2b4C6 
42. 

19. a3 + a2b + ac 

43. 

20. a4 + 2a3b + a2b2 

44. 

21. L2 - M` 
45. 

22. a3 - 3a2b + 3ab2 - b3 
46. 

23. 3a2 + 5ab - 3ac + bc - 2b2 47. 

24. a4x + 2a2bx + b2x 48. 

a2x + 2a2bx + a2b2x - a2y - 

2a2by - a2b2y 

ab 

x y2 z 

a 

pg-e 

b + c - ax 

y4 - 4y - x3z 

ab + 2c - 1 

mn + o + 
m 

a+3b +1 

1 
+3y_ 6 

X X 

7 - 8x - 9 
a 

16a + 16b = 16(a + b) 

a - ab + 
ab 

a - b 

a2 + ab + b2 

a2 - ab +b2 

a2 - b2 

x2 + 6xy + y2 + y 
3 

X + y 

x2 - 4x + 8 

1 - 3x + 2x2 - x3 

x2 + xy - y2 

b2 + 5b + 25 

a (b + b2 + y) 

y(x2 + ab + 3) 

m(2n + 15 + n2p) 
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49. b(a + 2a2 + 1) 

50. x(4y + 2 + n) 

51. x = 5, y = 7 

52. x _ -2, y = 7 

ALGEBRA 

ANSWERS TO EXERCISE PROBLEMS 

73. A - 
E - IR 

53. x = 3, y = 5 

54. x = 19, y = 4 

55. x = 23, y = -7 

56. x = 13, y = 17 

57. x = -3, y = 11, z = 17 

58. x=4, y= 2, z=2 

59. x = -2, y = 19, z = 27 

60. x = 7, y = -3, z = 1 

61. x = 11, y = -1, z = 1 

62. x = 100, y = 77, z = -21 

63. A +B, A +B 

64 2x + C, x + C 

65. x-5, x+2 

66. x - 8, x - 3 

67. 2x + 2, x - 24 

68. 

69. 

70. 

71. 

72. 

x=-2, x= 

x = 3, x = G 

x = 2/3, x = 

VI- 
x = 5 , x = 

x = -2, x = 

8 

-2 

3 

-3 

2/3 

I 

L - L - 
L 

74. M 1 2 

2 

75. (x - 1) (x2 + x + 1) 

76. A - 
Cd 

.0885K 

77. M = 
KL 
R 

Ld 108 
78. A - 

1.26 N2U, 

79. 
2W 

C 

2 
80. L = ¡bf\ - L 

2 `KJ 
81. I = VTT 

82. C = 1592/F2L 

83. y = 2 or -16/7 

84. A = -2 or -.5 

85. x = 11/3 or 11 

86. B = .39 or - 3.39 

87. x = 4 or 3 

88. x = -7 or 8 

89. y = -3 or -4 

90. x = 7.5 or -10.5 

.866D -GB 
91. D - 1 

2 .866 

= D - 6.928B 
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ANSWERS TO EXERCISE PROBLEMS 

92. A= B(H2 + 1) 97. R = Yea - 12(xy - 

(H2 - 1) I 

HL 
93. A = 98. N 

BL 
- 1.2561 

94. H = 1/8nU - E2 1 
99. C - 

95. P = 2F alai) 2 39.5F2L 
\x/ 

96. 
R - r a - 

100. d = 4A 

(Log-1 I + 1 r (t1 - t2) 
.0046A/ 
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ALGEBRA 

EXAMINATION 

Show all work: 

1. A transmitter tube is x years old. State its age in algebraic 

symbols 3 years ago. How old will it be y years from now? 

`je e 

yys 
7P$ aft, 

7/(014A n O u/ 

X - 3 

2. Simplify, (remove fractions): x + L = 7 

6 3 18 

3X_ + f _ 7 
/B iB /8 

a-/ 
3X -t67 0 

3. The capacitive reactance of a condenser is denoted by Xe, the fre- 

quency by f, and its capacitance by C. A certain mathematical con- 

stant is denoted by 2n, which is approximately equal to 6.28+ 

The relation between these quantities is expressed by X= 1 
2nfC 

Solve for C. 

.kc " 
z8 f 

4. In the formula for wavelength developed in the text X =1,884V 
Solve for L. 

)\ //e58¢/,CL- 
x- _C88(-),LC 

e 
4 

(L8s4-) ."C. 

3 
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EXAMINATION, Page 2. 

4. (Continued) 

5. In the resonance formula developed in the text 

f 1 

2 itvT 

for C. 

y Z/ 
í ¢ ii C 

- c = 
477_ 

t-L. 

6. Mulitply (3x + y) by (2x - 

L7)! t7 
x - - 
2(1- )( y - /¢Ix -¢ 

7. Divide 9A4B3 - 12A-1B + 6A2B4 by a.L- 
3fsp8 t/.Zi98L y 61d ; + (O f3 / ¢ / 2 /9 8 

/5xkig3 

ALgt- 
f 

h,"ei- 
2. /3 

- A" 

c- /,, s . 

t 

e 
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EXAMINATION, Page 3. 

7. (Continued) 

V- 7/ 7 ¢ - 3,3 

8. An electrical network has two branches or circuits. Current I flows 

in the first branch; current I2 in the second. The equations for 

these currents are 

I1 
I 

+ = 5 and I1 - I2 = 4 
5 2 

Find I1 and I2. 

(./4 /-7. by ) 

- L 
/D - i 

T- /0 

/ 
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EXAMINATION, Page 4. 

9. The so- called characteristic or surge impedance of a concentric line 

(Such as used to feed a television or other antenna) is given by the 

expression 

Z = 138 log D 
d 

where D is the diameter of the outer conductor, or sheath and d is 

the diameter of the inner conductor. 

If D = .6 inch, find d when 200 ohms. 

O 
e) CD _ / C( d 

/ 38 
X.8,6,63 
.2, /a988 
o, / / 

_ /.¢¢ys 

d `°-`e 
8. 

/ey .G = 7. 78/s' 
/1 z g./st- :-/ 88 s. 

10. (a) Solve by the quadratic formula x2 - 40 = 22x. 

(b) x2 - 48 = 22x Find x by factoring. 

C a> 

X_ 

X 2 X - = 

_ ± a 

zz ±9r--8¢+i6.0 

z 4 _ 

1Z * g- RS. 

47.4- - 3.¢ _ 23.2 
/ 

U.6 
d / 
O,O,Z/3Z3 )h 

o 

=a 

X -.2 
X - -Z e 
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