Workshop Calculation & Science - Electrician

Exercise 2.2.02

Algebra - Addition, subtraction, multiplication & division

Introduction

Algebra is a form of mathematics in which letters may be
used in place of unknown. In this mathematics numbers
are also used in addition to the letters and the value of
number depends uponits place. Forexample in 3x and x?,
the place of x is different. In 3x =3 is multiplied with x,
whereas in x% - 3 is an Index of x.

Positive and negative numbers

Positive numbers have a + sign in front of them, and
negative numbers have —sign in front of them. The same
applies to letters also.

Example +x, —y.

+8 or simply 8 positive number.
—8negative number.

Addition and subtraction

Two positive numbers are added, by adding theirabsolute
magnitude and prefix the plus sign.

Toaddtwo negative numbers, add theirabsolute magnitude
and prefix the minus sign.

To add a positive and a negative number, obtain the
difference of their absolute magnitudes and prefix the sign
ofthe number having the greater magnitude.
+7+22 = +29
(-8)-34 = -42
(-27)+19 = -8
44 +(-18) = +26
37+(-52) = 15
Multiplication of positive and negative numbers
The productoftwo numbers having like signsis’positive and
the product of two numbers with unlike signs is negative.

Note that, where both the nhumbers are negative, their
productis positive.

Ex. —20x-3 = 60
5x8 =40
4x-13 = =52
-5x12 = 60
Division

The number thatis divided is the dividend, the number by
which we are dividing is the divisor and the answer is the
quotient. Ifthe signs of the dividend and the divisor are the
same then the quotient willhave a + sign. Ifthey are unlike
then the quotient will have a negative sign.

+28
+4
+56
4 =4

-72

+9 =38
-96
oo

When an expression contains addition,
subtraction, multiplication and division,
perform the multiplication and division
operations first and then do the addition and
subtraction.

Example
12x8—-6+4x12=96-6+48=138
102+-6-6x2+3=17-12+3=8

Parentheses and grouping symbols
() Brackets
{ }Braces
7+ (6-2)57+4 =11
B x (8-5) =:6/x 3 =18

Parentheses

These are symbols that indicate that certain addition and
subtraction operations should precede multiplication and
division. They indicate that the operations within them
should be carried out completely before the remaining
operations are performed. Aftercompleting the grouping,
the symbols may be removed:

In an‘expression where grouping symbols immediately
preceded or followed by a.number but with the signs of
operation omitted, it is understood, that multiplication
should be performed.

Grouping-symbeols are used when subtraction and
multiplicationof negative number is done.

To remove grouping symbols which are preceded by
negative signs, the'signs of all terms inside the grouping
symbols must be changed (from plus to minus and minus
to plus).

Parentheses which are preceded by a plus sign may be
removed without changing the signs ofthe terms within the
parentheses.

When one set of grouping symbols is included within
another set, remove the innermost set first.

When several terms connected by + or — signs contain a
common quantity, this common quantity may be placedin
front of a parentheses.

8+6(4-1)=8+6x3=26
(6+2) (9-5)=8x 4 = 32

Plus 4 less negative 7 is written as 4 — (7).



Plus 4 times negative 7 is written as 4(-7).
4—(-7) =4+7=11
8-(7-4) =8-3=5
3+(-8) =3-8=-5
7+(4-19) =7+ (-15)=7-15=-8
3{40+ (7 +5)(8-2)}
=3{40+12x 6}
=3x112=336.

8x + 12 - quantity 4 may be factored out giving the
expression 8x + 12 as 4 (2x + 3).

The innermost set in a grouping symbols of an expression
is to be simplified first.

Algebraic symbols and simple equations

Algebraic symbol

Anunknown numerical value of a quantityis represented by
a letter which is the algebraic symbol.

Factor

Afactoris any one ofthe numbersorletters orgroups which
when multiplied together /give the expression.
Factors of 12 are 4 and 3 or6and 2 or 12 and 1.

8x + 12 is the expression' and this may be written, as
4(2x + 3), 4 and (2x + 3) are the factors!.

Algebraic terms

If an expression contains two or more parts separated by
either + or —, each part is known as the term.

y — 5x is the expression. y and — 5x are the terms.
The sign must precede the term.
Kinds of terms:

1 Like terms
a 13a,15a,19a,-12a,-18a
b 5xy, 11xy, «xy, -14xy
c 27m?, 25m?, -3m?, 11m?

2 Unlike terms
a 3ac, - 4b, 8x, 3yz
b 2xy, y? a%b, xz, 3bc
¢ 13m?n, 3mn?, 14Im?, 15a2b, 5Im

Examples :

1 Add 7a, -2a, a, 3a
7a+(-2a)+(a)+ 3a
7a-2a+a+3a

=11a-2a
=9a

2 Add 25xy, + 2xy, - 6xy, - 3xy
25xy + 2xy + (- 6xy) + (- 3xy)
= 27xy - Oxy
= 18xy
3 Add9m, +4m, -2
9m +4m + (- 2)
9m +4m -2
=13m-2
Coefficient

When an expression is formed into factors whose product
is the expression, then each factor is the coefficient of the
remaining factors.

48x%=4x 12 xx
4 is the coefficient of 12x . x is the coefficient of 48.
Equation

Itis astatement of equality between numbers or numbers
and algebraicsymbols.

12=6x2,13+ 5= 18.
2x+/19 =5,y ~7 =4y + 5.
Simple egquation

Equationsinvolvingalgebraic symbols to the firstpowerare
simple equations.

2x + 4,=710.
Addition
1 8a+12b-a-14b
=8a-a+12b-14b
=7a-2b
2 14a+B3a+25b+2b+b
=17a+ 28b
3 (2a+3b-c)+(4a-b-c)+(a-8)
2a+3b-c+0
4a - b-c+0
a+ 0+0-8

Ax +12 = 14.

7a+2b-2c-8

4 Add: (3x + 3z); (5x - 4y); (9y - 32)
3x+0 +3z
5x -4y +0
0+9y-3z

8x + by
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Subtraction
1 38xy - 15xy = 23xy
2 Subtract 3xy from -4xy
-4xy
(_;-Bxy

-Txy

3 Subtract 5x from 12x
= 12x - (5x)
=12x - 5x
=T7x

4 Subtract 18x from 7x
=T7x - (18x)
=7x-18x
=-11x

5 Subtract 3x - 2y from 4y - 2x
= (4y - 2x) - (3x - 2y)
=4y-2x-3x+2y
= By - 5x

Addition and subtraction

Quantities with algebraic symbols are added or subtracted
by considering those terms involving same symbols and
powers.

Example
1. 10x+14-7y?—11a+2x -4 -3y2—4a+8
10x +2x — 7y?—3y?—11a—4a+14-4+8
12x —10y?—15a + 18
2. 2¢x=10,2x+6=10+6
3.y +12=20,y +12-8=20-8
4. x +10=12,
x +10-10=12-10
5. 3x=6,2x3x =2x6,6x =12

6. 5y =20, %Y 20

5 5

The same number may be added or subtracted to both
members of an equation without changing its equality.

Each member of an equation may be multiplied or divided by
the same number or symbol without changing its equality.

The equality of an equationis not altered when the numbers
or symbols are added or subtracted from both sides.
Multiplication and division by the same numbers or symbols
on both sides also will not affect the equality.

Transposition of the terms of the equations
= equalsto
+ plus
— minus
X multiply
+ divided by
Concept of equality (Fig 1)

Fig 1
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An-equation can be compared to a pair of scales which
always remaininequilibrium. The two sides of the equation
can fully be transposed! (9 =/5 +x may also be written as
B MR SELLDR

We must always performthe same operation on both sides
ofthe equationto keep the equilibrium. Add or subtractthe
same‘amount from both'sides. 5 +x =9 By adding 3 on
both sides, the equation'‘becomes 5+x+3 =9+ 3 or
X +8 =12.

5 +x =9 Subtract 5 from both sides then 5 +x —5=9-5.
x.=4.

5 is transposed from left side to the right side by changing
its sign from +to —

X
Z = 20. Multiply both sides by 4. Then x4 =20x4.
4

x =80,

5x = 25.
Divide both sides by 5 then S =§

5 5

x =5,

When transposing numbers or letter symbols from one

side to the other side multiplication becomes division and
the division becomes multiplication.
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The equality of an equation remains unchanged Example

when both sides of the equation are treated in « Solve for x if 4x = 3(35 —x )
the same way. When transposing from one
side to the other side, 4x =105 - 3x (brackets removed)
a plus quantity becomes minus quantity. 4x + 3x =105 (By transposing —3x on the right side
. . . to the left side)
a minus quantity becomes a plus quantity
7x =105

a multiplication becomes a division
a division becomes a multiplication. x =15 (dividing both sides by 7)
To solve simple equations isolate the unknown
quantity which is to be found on the left side of
the equation.

Assignment

Add 25 (-2x +3y - 3z) + (-6y - 5x + z)
1 14f-2f+ 5f- 7f + Of 26/ (a-3b +4¢) + (-7c - a + 4b)
2 3xy + 5xy - 2xy + 8xy - 4xy 27 (2x + 5Y) + (40- 82) + (152 - 2y)
3 17xy-4xy+13-xy-6 Subtract
4 2a+a+3a+6a-5b 1 38xy - 254y
+ + +2
5 8Bc+bSc+3c+2e 2 Subtract 28=3b - ¢ from 3a - 2b + 4c
6 14d + 3d + 25e + 2¢
3 2a-3(ar(a-b))
7 5p+3r-r-2p
Add and;Subtract
8 8t+12u-t-14
u ! 1 230a +4208+ 3706 + 225a - 510c - 110b
9 x-z+y+z

2 15d=(4d +,3d - 5d)

10 15a+ 13a-37a

3 8x +3z-6y-5z+4x + 8y
11 17a-4b-7a+3b

Multiplication
12 9c-15e +4c + 3e
13 13f+40g - 16f + 7f + 2g - 17g 1 Syzo Ray)
14 30x + 45y - 17x - 16y 2 _3ax-ob
15 8a+3c-6b-5¢c+4a+8b 3 Z2abx-7pq
16 27i+ 17k - 5 + 12i - 31k + 19 Division
17 230m +472P -320n-75m + 180n - 141p 1 10a
18 230m +420s + 370y + 225m - 510y - 110s 2a
19 45b + 25¢ + 18b + 40c 2 -3ax+-6x
20 14d + 3d + 25e + 2e + e + d 3 15xy+-5
21 15a - (4a + 3a - 5a) 4 _Sac

2bc

22 5x + 3y - (2x - 5y)

5 -5mx-6n-7p
2 + 2y + +(4x -y + e
3(x+2y+3z)+ (4x -y +2) 28 mn
24 (2x + 5y) + (4x - 8z) + (15z - By) + (z - 2x) ] 54420

7a+28
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Workshop Calculation & Science - Electrician

Exercise 2.2.03

Algebra - Theory of indices, Algebraic formula, related problems

Calculations involving powers
Power : Concept

a.a.a...upton timesis =a"

a is the base, n is the exponent.

When a number, say 2 is multiplied by itself 4 times, we
write it as 24 (two to the power of 4) and it is equal to
2x2x2x2=16.

The exponent denotes how many times the base number
is multiplied by itself.

Powers with a positive base have a positive result.

Powers with a negative base and with an exponentthatis
even will have a positive result.

Thessign

(+a)" = a

(-a)> = g
(22 = 2x2=4and
(=2)? = —2x—-2=+4but
(2P = -2x-2x-2=-8

Addition and subtraction of powers

Powers with the same base and exponents canbe added
or subtracted by addition or subtraction of the coefficients.

xa +ya" = a'(x+y)

xa'—-ya = a(x-y)

Ex 4x? + x2 - 3x2 =x2 (4 + 1 = 3) = 242,
Multiplication

Powers with the same bases are multiplied by involving the
common base raised to the power of sum of the exponents.

amxa" =am*n

23x22=2%+2=25
(2x2x2)x(2x2)=2x2x2x2x2=2°
8x4=32.

Powers with the same exponent of differentbase numbers
are multiplied by involving the product ofthe base numbers
raised to the common exponent.

a"x b"=(axb)

22x32=(2x3)y

2x2x3x3=6x6=36
Division
Powers with like bases are divided by involving the base
raised to the difference between the exponents.

3
2 _
“5=2°72=21=2
2
2x2x2 8
— =—=2
2x2 4

Powers with the same exponents are divided by involving
the quotient of the bases by the common exponent.

22 (2 22%2 4
3 (Ej T3x3%, 9
Only like powers-can he added or subtracted.
Examples
(The exponent 1is usually not written.)
a'=a
2'=2
2a? + 3a? =62
(Any number raisedtothejpower of 0 is 1.)
al’="
20=1

A number raised to a negative power corresponds to its
reciprocal with the exponent's sign changed to +.

n_ 1
a =n
a
: 5 :
2

Powers are involved by multiplying the exponents.
(an)m= anm
(22)3 =023 = 26

Powers can be transposed without affecting the result.

" =)

(22)°= (292
2x2)x(2x2)x(2x2)=(2x2x2)(2x2x2)
4x4x4=64

8x8=64

Amixed numberraised to a powerisfirstconvertedintoan
improper fraction and then the result is evaluated.



7 7 49

=—X_=_

4 4 16
Indices

The indices are added in multiplication
amxa"=am*n,

The indices are subtracted in division

In case of index of an index, both the-indices are
multiplied mutually

[am]n =gmn

A fractional index shows root of a number

a1/m:rr\|/g

In case of anindex having/minus sign, the sign can be
changed by taking the number from numerator o
denominatororvice versa

m
a =—8
S
and 1 m
—-m -2
a

Ifanindex contains boththe numeratorand denomina-
torthenitmeans thatthe number has 'index'as well as
'root'.

am/n:n\/aim

Basic problem
Addition

1

5x?y + 3xy? + 8x?y + Txy?

= bx?y + 8x%y + 3xy? + Txy?

= 13x% + 10xy?

Add 5a3 + 12b3, - ¢?, + a% - 4b°% + 3
5a°+12b3 + (- c®) + a® + (- 4b%) + 3

=6a’+8b%-c*+3

Subtract

1

Subtract 2x? - 3y? from 3x2 + 2y?
3x2 + 2y?
2x? - 3y?

x2 + 5y?

Multiplication

1 -4x2x8x% =-4x8x
Y =-32x7

2 (3d?-2d)3d
=9d®- 642

3 (5x + 3y) (5x - 3y)

= (5x)? - (3y)?
= bx x 5x - 3y x 3y
= 25x2 - 9y?

N

5x2y x 8x°y?

= 40x"y*

(2aitb) (a+2b)
=2a%+4ab + ab + 2b?
= 2a% +2b’+ 5ab

6 8a’b°c®x3a%bec®

(&

=24a°
Division
12:32
1 L 2y
4x°y
15
2 15y AV
15y°

3 9c’d®=c?d?

=9c%d
4 3a°x 4ax 5a°
6a*x104
60a°
60a
5 -25a™+-5g8
-258"
T
=5a"%a% = 5323
6 4x?y + 2y
2
:4x y _ ox2
2y

7 3x?y3 + -6x%y
_ 3x2y° y2

- 6x5y _2?
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Divide 45a2b?c by 9a%c

_ 45a%b’c
9a’c
=5b?

Algebraic Formulae

1 (a+b)y = a?+b’+2ab

2 (a-b)y = a?+b?-2ab

3 (a+b)? = (a-b)?’+4ab

4 (a-b)? = (a+b)*4ab;(a+b)*(a-b)=4ab
5 a?+b? = (a+b)-2ab=(a-b)>+2ab
6 a2-b? = (at+b)(a-b)

7 a*+b? = (a+b)(a?+b?-ab)

8 ad-bd = (a-b)(a?+b?+ab)

9 (a+b)? = a*+b®+3ab(a+h)

10 (a-b)? = a®*-b®-3ab (a-b)

11 (@a+b+c)? = a?2+b?+c?2+2(ab+bc+ca)
12 a*-b* = (a?+b?) (a*+b)(a-b)
Examples

11fx+y=9andxy=20

Find i) x2 + y2

10

iv) x® +y3

i (a+b)?
(x +y)?
(9F
81
x2 + y?
x2 + y?
ii (a-b)
(x-y)y

iii a%-b?

X2 - y2

ii)yx-y iii)xc? - y2
v)x®-y?  vi)xandy

a?+ b? + 2ab
x2 + y2 + 2xy
x2+y?+ 2 (20)
x2+y2 + 40
81-40

41

(a+b)?-4ab
(x +y)* - dxy
(9)? -4 (20)
81-80

1

Ji=1

(a+b)(a-b)
(x+y)(x-y)
9x1

9

iv a®+ b? = (a+b)(a?+ b?-ab)

x°+y? = (x+y) (@ +y?-xy)
= 9(41-20)
= 9x21
X%+ 8 = 189
v a*-bd = (a-Db)(a?2+ b?+ ab)
%oy = (x-y) (@ +y? +xy)
= 1(41+20)
= 1x61
= 61
x3 - y8 = 61
Vi rty =9
x-y =
2% =10
10
x =?=5
If x = 5,5 + =9
y=9-5=4
x=5;y=54

2 Solve (x + 5)%- (x - 5)?
ltn+ithie= aand x - 5'=b
=b?=(atb)(a-b)
(x+5)2=-(x-52=[(x+5)+(x-5)][x+5)-(x-5)]
=Sx+b5+x-5)(x+5-x+5)
=(2x),(10)
=20x

3 _lf(x-y)=4andxy =12, find the value of (x2 + y?)
(% -Y)P =g +y? - 2xy
(4= x2+y?-2x12
16 = x2+y2-24
x2+y2-24 = 16
XZ+y? = 16+24
x?+y? =40

4 Ifx-y=7andxy =60 then find the value of x* + y*

(x-y) = xt+yr-2uy=T7°
x2+y2-2x60 = 49

x+y? = 169

(x2+y2)? = (169)?(take square onbothside)

xh + y* + 2u2y? (169)?
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xt+yt+2(xy)? = 28561
x*+y*+2(60)2 = 28561
x*+y*+2(3600) = 28561
x*+y*+7200 = 28561
x*+y* = 28561-7200
x+yt = 21361

5 x+y=,5;x-y= /3 Find the value of 8 x y (x? + y?)
x+y=.5,x-y= /3 (take square on both sides)

(x+yP=5 (x-yP=3

Solve the equations

(x+y) = xP+yr+2wy = 5
(x-yp = x2+y?-20y = 3
2 (2 +y?) =/8
@y = =4
2
= x2+y?+ 20y =05
= x2+y?-20y =3
() ) ()
4xy = 2
2 N
YT 4T2
1
8uxy (x2+y?) = 8X5X4
= 4x4%516

1
6 If (a-—)=6.Findthe value of @ + 7 3

a

N N\

V] V)

[ 1
[N ml_\
g | N——

| 1

(e}

&)
a?+|—| -2(a)| —|=36
a a

1
a?+—-2=36
32

1

a

62 (take square on both sides)

7 Ifx- 1 =2 Find the value of 2 - is

X

X

(a-b)*=a*-b*-3ab(a-b)

3
1

X—— | =,3.
xj

[

1
8 If%- 7= 4. Find the value of x + —

=3 -
2° BN -
8 =8 -
8 =48 -
8+6 =x°-
14 =x%-
x3 =~ =14

X

1 AR
53| L) "

4
X

X - 1= 4 (take square on both sides)

[

X

X

2
1
x__) = 42 [(a - b)? = a2 + b? - 2ab]
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1 2
24 o — 1 1
X + x2 2 16 (x2)2+ (_zj +2Xx2X —2 =324
X

1
W2+ — =16 +2
X

1
xt+ —+ 2 = 324
X
) 1
X< + _2 =18 1
x xh e — = 324-2
x
2
2 .
x° —— | =(18)? (tak both sides 1
[ 2) (18)? (take square on ) P = 39
X
Assignment
Add Multiplication
1 (Ba?-3y2 +2) + (2 + 22 - 42) 1. 7pg? x 5r
2 7a?-5a?+a?+ 3a? 2 (47+3y?)x(-22)
3 3m2n-2m2n +4m?2n - m2n + 7m?2n 3 -7Tpx4q?
4 18 +13x2-13 + 2x? - 1542 4| p?q® x 3p3g?
5 6Pm+3Im?-2Pm-17Im? + 1 Bindi3b? - 2b)3b?
6 3a’b-2ab-2a%h-3ab-2a’h +ab 6 5y x 2y3y?
Subtract 7 ab'xba
2 _ 2 2
1 Subtract 2a2 - 3b2 from 3a2 + 2b Division
2 Subtract -2y? + 3xy - 5 from 3x? - 4xy +7y? = 5 1 42° =280
3 Subtract 3x - 4x2 + 2y2 from 4y? - 2x + 8x? 2 _158° +38°
Add and Subtract 3 8a*
1 48m?+ 24m?n + 12m? - 6m? - 12m?n 12a”’
2 3x?y - 2xy - 2x%y - 3wy - 2x%y + xy 4 3p2 X 4p x 5p3 Xp
4
3 10x+14-7y2-11a+2x-4-3y>-4a+8 Ay
1 25m?n
5m°n?
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