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NTLRY ALGEBRA. LOGARITEMS, PLANE GEQMETRY & TRIGONCMETRY

: qumbur or numbers it is

& nuober which when cubed

This is similar to Arithmetic in so far

r-as it is a Sclernce deal
with numbers, but in Algebra lettiers ax C

are used to represent
Nunbers hgv;ng a flx :d or known value are usually denoied by ihc
lotters o, by ¢, etc.

Numbers whose values are unkaown, or waich have to be delerminec
any particular problem ere usually denoted by %, ¥, CF Z.

.

n

the

a
[Betc

The plus sign before a nuzber neans that number muct de added,
minus sign before a nuzber means that it must be subiracted from
aesoclated with; a+b means thal b must De

added to 2, &-b means that b nust be subtracted from z.

The

simp

sign X 1g used for multiplication. a X b is often writien &b or
ply ab and means 2 must be nultiplied by b.

The rLle“ rovcrnlng opo*ations with signed numbcr éovly in Gl

Conventiongs~

. 2 e R
a.a. is generally written a” and reflerred to as 2 sq““”ec

B.2.8,——=—-3 WaEre & appears n
to a8 2 to the nth power,

times is written a and refe‘red

A number which when squared is equal to & is called the square roc?
of a end is written 2Ja or s.mp*y~J a.

A iz equal to g is called the cube root of .

end is written 3va
nJa is the nth root of a.

\“Vk 2t8,

Breckets are used to group nwmbers

waen several nuzbers have ¢ te
treated in the same way. :

Thus (& + b)c means that & must be multiplied by g ,and b must b
nultiplied by ¢ or & nust be added to b and the result multiplie
by ¢, and is equal to ac + be,

(SIS

Factors,

’

.
all

When some letter is common to terms of an exbression, each tern
and the‘efore the whole expressicn is divisible by that letter,

=c¢(a + D) ?;

‘ b
= b e e
(y y)

hust=

[

ac + be

N

by + o=

«

= a(3ax + 2by);

3azx&'2aby
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EQUATIONS

: In prev1ous discussion of factors reference was made to the statement
of equality:

e aa - = (a = b)(a + b)

¢

In this statement the two equal expressions (a - b2 ) and (a = b) (4 + b) are
called the sides of the equation. = When, as in this case, the equality is true
for every value of the letters involved, the equation is called an "identity'.
Sometimes an equallty is only true for certain particular values of the letlers
"involved and the name eguatlon is generally reserved for such cases. ‘

The letters a, b, ¢ are used to denote known values and the-letters
Xy ¥y 2 usually represent the unknown quantities which have to be found.

Solv1ng an equation involves flndzng the values of the unknown quantltles

~ for which the equation is true. The values so found are said to satlsfy the
‘eguatlon are are called the roots of the equation. »

* In the solution of equatlons, use is made of equlvalent equatlons.
quuatlons are equivalent when they have the same roots. ,

'Uﬁfl b Equlvalent equations may be formed by:
e

(1) Addlng the same quantlty to both sides for obviouély'

X+c=y+c¢ if and only 1f X = Y

(2) Transp051ng a term from one side of an equation to the other :
and changing its sign.

: ;wij | ‘ X~y =o01s equivalent tox -y +y = =Y whlch is the same as X = y.

- (3) Multiplying or d1v1d1ng both sides by a quantity other than zero,

for obviously mx = my is only true if x = y.

SIMPLE EQUATIONS

A simple equation 1nvolves only one unknown and the power to whlch the
unknown 1s ralsed is one, v

, €.5. X 4o K
‘ ; : 5 5t 2,

This equatlon is solved by first rlddlng both sides of fractlons by mutllplylng
by 10 glVlng 6x - 10 = 5x + 20. , o .

?pen by transp051ng terms and changing signs we have 2

- .

6x-5x=20+10 : S
or x =30 '

Solve: o
: a(a + b)

2b (x - a)k} a(x + b)

= 2bx -~ 2ab +ax +ab = a2 + ab.

ok

{. _/Grouping terms containing x on the L.H, S. and transp051ng all others to the R.H.S.
2bx + ax = ab + a2 + ab

x(a + 2b) = a(a + 2b)

]

e e X = a.
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N ,f:

All simple equations it is seen ultlmately reduce to the form ax + b o
=b ‘

from which x g

If b = o oviously x = 0.

_ If b is not equal to zero bul a = zero, then there are nd finite
values of X to satisfy the equation. , : : T

INDICES .

[ X o
a.a is written a2

a.a.a 1is written a3

s L n
a.a.a --=--=- to n terms is written a

‘In a2 2'is the index of a, in a® n is the index of a.

Satx am. = 'Eé.a.a ton faqtorsg. Ea.a.a to m factors;'
= ga.a.a.a to (m + n) factorsg
m n
- = a +

‘ nom _m+
Therefore a .a = am n

Slmllarly a” am.ap aq =gt TRFP*Q

quantlty is the sum of the indices of the factors.
‘. 1 Consider , | : S
(am)n = a". a" to n factors = ' o e o !

m+m+mton terms mn
a ‘ = a

. myn '
e ® (a) ’-?'amn

- ; 'Value of (a.b)

(a.b)m = ab X ab X ab to m factors
=(aXaXatonm factors) (b XbXb to m factors)
= ambm- ) | o : : " :
; Similarly (a.b.C.)m =>ambm mo
SRLE (@A™ = (@)™ ()P (BT
‘ ' _ X MYz

-

numbers. Assuming that the same laws apply to all indices fractlonal and -
negatlve, meanings for such lndlces will now be determined.

' Thus the index of the product of any number of powers of the same

‘ So far it has been assumed that the indices used are positive‘whole :




ewge 1°=1, 10°=1, 99°=1 etc.

/-

.
. 2
Consider &

a}’zxa}’z=ayz.+%=

. a
i.e. &' multiplied by itself gives a, i.e. & = ‘/a :
 Similarly aB x o xvay’ = &
so a% . = a
1 o —
and all = nv/a
} 2 % y

Consider a’ =a" Xa :
' - (aLZ)}/:== 3 /a2 o

" .*. the denominator of the index indicates the root and o

the numeratog of the index indicates the power
cse (83 = 3/ o Y

The meaning of ao

e

m., o m
a Xa =a
m +
. &% = &
* o - T
o®
. = 1

(o)

To find a meaning for a negative index

‘ Aam X a-m = am,-m = ao = 1
o'o amo a.-mi- = 1
- or .‘a—mﬂ =lmA-
' a
*e . a™is the reciprocal of am;
. o.t a?b-a = a_2. ;
v? s
. . | L
2 v
or a 2.3
. -3 = a b
'._v b‘ ) . f‘.:
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5.
11.2. Logarithms.
Definition

The logarithm -of a number to a given base is the index of the power to
“which the base must be raised to equal the number.

. If % = N, then x is called the logarithm of N to the base a, and the
equatlon may be written

X = lOSaNy
' ¥ = 64 .°. log. 64 = 3. (do base 4)
7% = 2601 .. log. 2407 = b (4o base )
Since a® = 1 e log,1 = 0,
.« the logarithm of 1 to any base is O.

For most practical purposes the base chosen is 10, and the logarithms ;
are then called Common Logarithms; this system was introduced by Brlggs in 1615.
In writing down such logarlthms the base is omitted, so that log10 12 1s o
wrltten lOg 12. .

In many theoretical calculatlons the base used is the 1nf1n1te ‘series’

: S J,..J.
{/’\} ! 1 +.::-.*i02 +"2-3 +l02030 } -
évf which equals 2.7183 (approx.) and is denoted by e. Such logarithms are known -
as Napierian or Hyperbolic Logarithms, : : -

+* eee

‘We shall only deal with Common Logafithms.

L, ,
RULE 1. The logarithm of the product of two numbers is equal to the sum -
of the logarithms of the numbers. . R

Let; log m = X, Com= 10x,

log n =y, en= 109,
Wt ma s 105,107 & 107

X+y

1}

. .o log (mn)

log m + log n. o ;
" e ' {

. , ' N
This rule may be extended to the product of any number of fadtors, thus =

log (mnp) = log m + log n + log p. -*;

RULE 2. The logarithm of the quotlent of two numbers is equal to thej§} 
difference of the logarithms of the numbers. , D

.

™ Let log m = Xy .. m= 105,
N . . . . y
log n= y, ¢ s, N = 1Q ’

.. B —6r = 1ox-y,

log m.-,log n.
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RULE 3. The logarithm of the;power of any number is equal to the logarlthm
+ of the number multiplied by the index of the power.

ST Let logm = X

ﬁ[s ) - . e o« M= 10){'

o log (m® ) nx

H

= n log m.

c These rulés have been proved for the base 10, but they would apply equally to
any other base. o BN

Given that log 7.211 = .8580 and log 8.878 =  .9u83,
Example 1:  log (7.211 x 8.878) = log 7.211 + lag 8.878 = .8580
' ‘ Lo+ 9883
o= 1.8063.
'_ . 8.878 = log 8.878 - log 7.211 L
(:E.}.C__P!f"_'_g.‘ 1 08 5 547 7.211 ‘
-.8580
= 009030 ) '
o Example 3: log (?.211)5 = 5 log 7.211
/ ) ‘ =5 x .8580 -
il = 4.2900,
‘Examgle L: log > 7.211 = ¥5 log 7.211
= 028600
If a logarithm is partly integral and partly fractional,'thén’the
'1ntegra1 part is called the Characteristic and the fractional part the
,Mantlssa. : R '
It is always so arranged that the mantissa is positive.
- Thus  log % = log 1 - log 4
| = 0 = .6021 (from Tables)
= =1+ 1 « 6021 .
{
'
= =1 + .3979 *
= T.3979.
If it is necessary to divide such a logarithm by a number, the
-negative characteristic is increased until it is a multiple of the divisor, -
Wl compensation being made by adding the necessary positive integer.
[
o

" Example. Given that log .03 = 2.4771, find the value of log ( 03)% o
| - Log (.os)y = Jilog 03 = % (2.4771)
' =% (3 + 1,4771)
= T.4924,
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;7-

103 = 1000 ;‘, log 1000 = 3,
102100 1log 100 = 2,
10'=1 g0 =1,
'100 =1 . log = 0,
S To L log .1 = =1,
1072 .01 ~ log .01 =2,
1073 001 log 001 = 3.

-It is therefore seen that the

2+ fraction.

“:~Logarithﬁ of a number between 100 and 1000, i.e. with 3 digits
:,Logarithm of a number between 10 and - 100, i.e. with 2 digits ; 1 + fractlon.
"Logarithm of ‘a number between 1 and 10, i.e. with 1 dlglt O + fraction.

' Logarithm of a number between ,1 and 1= 1 + fraction. |
| Logarithm of a number between .01 and .1 = 2 + fraction.

| Logarithm of a number between .001 and .01 = 3 + fraction.

Thus the characteristic of the logarithm of a number can be wrltten o

j down by inspection.

Vlogf 54.8#‘= log (10 X 5.184)

RULE, The characteristic of the logarithm of a number greater than 1 is

positive and is one less than the number of digits before the
~decimal p01nt.

The characteristic of a number less than 1 is negative and is one
more than the number of zeros  immediately after the decimal point.

Consider the logarlthm of the number 5.184 It must be‘beiweenVO and.1.

. From the tables log 5.184 .71#6.

Now consmder

log 10 + log 5.18% = 1.7146

log 518.4 = log (100 X 5.184) = log 100 + log 5.184 = 2.7146

11¢g '5184 = log (1000 x 5.184) = log 1000 + log 5.184 =x§.p1u6
’;ogi(.5184) = log éﬁgéi = log'5;184'-‘log 10 = L7246 - 1 = 7.71465‘

log (.05184)= log ?iggi =.log45.184 - log 100 = .7146 = 2 = §.7146{
1og coos184) log 5q;gg = log 5.184 fllog. 1000 = 7146 - 3 = 3)7146f

It is seen that the logarlthms of all numbers below 1 are negatlve,'

‘the log of (.5184) being 7146 -~ 1 = = .2854. ;




S

" JOlnlng them.

8.

It is not, however, written in the form - .2854 but in the form 1.7146
“where the mantissa or decimal part is always positive and the characteristic is

~ written 1 (bar 1) to indicate that it is negative.

From the above it is seen that in the logarithm of a number the
‘mantissa is not changed by ohanging the pesitien of the decimal peint. The

. characteristic of a number depends upon the posztlon of the decimal p01nt.

.

- See Chambers Tables for a description of how to use the tables.

; 11.3. Plane Geometry and Trigonometrz,

A line is the path of a point in motion; it has one‘diménsién: 1ength.

- , Thus, if a point is moved from the position A to the pos1tlon B 1ts
path is the line AB ‘ ,

A . B
A straight line'is a line that does not change ifsdirection{ﬁ
The distance between two points is the length of the stralght line

A curved line "/”fff_‘~\\“\\\- is a line that changes iﬁSdirection

at every point. ‘ o , A e

A broken line ,—’*-~////«\\\ is a line that changes its dlrectlon

;vat certain points only, It is made: up wholly of different straight llnes.

The word 11ne, when not quallfled by any other word is understood to

- mean a stralght line.

-

' To produce a line is to prolong it or to 1ncrease 1ts length.
A line can be produced to any extent in elther direction.
To bisect any given magnitude is to divide it into two equal parts.

SIGNS AND ARBREVIATIONS'

Sign | ~'f(v." - Meaning

=l v‘ is equal to or be equal to ;g;
- h '~ greater than ’
‘%: | ,less than

‘ : - because
. - . therefore

»

plus or minus

+
= : angle
o

- triangle
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©

CETT
./

&

Meaning

perpendicular or perpendicular to

-k

I parallel or _para{nel to

e ) approximately equal to -

ANGLLS AND PERPENDICULARS

An angle is the openlng between two straight lines that meet in a.
p01nt. The two straight lines. are the sides, and the p01nt where the :

;llnes meet is the vertex of the angle.

B

0 A

The straight lines OA and OB form an angle at the point O. ' The

'lllnes OA and OB are the sides of this angle, and the point O is its vertex.

—

e ~ An angle may also be desmgnated by a letter placed between 1ts 31des 
and near to the vertex " , .
L2 CY or 4B . 4XCY or  ZA
Two angles as shown: above, having the same vertex and a common 51de‘
© are called adjacent angles. : | :
, ~ Very often, letters from the Greek alphabét are used to designate
angles . : o ' L . '
o alpha ~ & epsilon ¢t iota .V nu - p Tho ¢ phi
ﬁ3 beta E zeta : "k: kappé é xi . o sigma X chi
- ¥/ gamma 77 eta N lambda © omicrdn T tau ' ¢‘ psi
S delta & theta M omu 7 pi V. upsilon W ofnega' o

et

L

An angle is referred to by naming a letter on each of its sides and
.a third letter at the vertex, the letter at the vertex being placed between
the other two. Thus the angle in above figure is termed elther s

‘51 AOB or ‘ﬁﬁ‘B 0 A

. Two angles are equal when one can be placed -on the other so that they will
co-incide.
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" one right

two equal

point B (intersection of the two lines)\is called the foot of the perpendicular.

If a straight line meets another straight line so as to make w1th it
adJaCent angles, each of these angles is a right angle (90 )

A

/ ABC = /Z ABD = 90°

¢ B* D

The line A B is said to be perpendicular to the line C D.  The

A horizontal line is a line parallel to the horizon, or to the

surface of still water (liquid).

therefore, the dlrectlon of a plumb-llne.

76

»angle.

is called an acute angle (less than a right angle).: )

A vertical line is a perpendicular to a horizontal line and havmng,

- &y
I X!
(]
o ','
<+ \
¥ =
o ;

Lop , :

| Aetse————_—————— "
horizontal |
(o8
\

is called an obtuse angle (greater than one right angle but less

than two).

< | (g

are called reflex or re-entrant angles (greater than two rlght

angles and less than four).

Ay angle that is not a‘righﬁ angle 18 also spoken of as an obligue ‘

Two angles are sald to be complementary when thelr sum is equal to

angle. g
;l

oo ‘M'Two angles gre said to be supplementarx,when thelr sum is, equal to
- two right il :

angles (180 )

10.
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The sum of two adjacent angles whose non-common sides (40 and OC
in above figure) are in the same straight line is equal to two right angles. .
‘:; AOBand LB O C are supplementary. «

Two intersecting straight lines determine four angles.

Any one of these angles and the angle on the opposite side of both
. lines, as the angles & and.ﬂ/ in above figure are called vertical angles (
with respect to each other, or vertically opposite angles. Vertical angles -
may also be defined as angles that have a common vertex and in which the :
s;des of one are the prolongations of the sides of the other.

: Since <X and ;/ are each the supplement of/E? they are equal to
each other. | AR

Vertically oppesite angles are equal.

. In above figure o« 4-ﬁ? =.180o

é ‘ ,;. - o 7 -rﬁ? 180
o »o¢=7

o

é AXIOMS (an axiom is a truth that is considered‘tob obvious to require‘proof).
P &m) "esge (i) The shortest distance between two points is along s :
: - the straight line ‘that' joins them. o e
: (ii) Straight lines that are parallel to the same straight R ,
; - line are parallel to one another. ‘ R » |
| . aB It Er
c D : | ‘ R
PARALLELS ' " B AR I
‘ Parallel lines are straight lines that lie in the game plane. and a {(”‘ ;
Anever meet, however far they are produced. R EE :
Any two parallel lines have the same direction and are éverywhere‘, o -
equally distant from each other. When two parallel lines are cut by a -~ « °
thlrd line, the cutting line is called a secant llne or transversal.,;gJ e
N . B A / . IR "'iﬁ R
| - A o
. y. : t, - N ' ) .’
"o e 4.___.__4_4‘—.__‘___&___“._______—___—.__
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‘The angles a, A, d,
“The angles b, B, c,
" The pairs of angles
. The pairs of angles
"The pairs of angles

The eight angles thus formed are named as follows:

are exterior angles.
are interior angles
and d, and A and D are alternate-exterior angles.
and ¢, and B and C are: alternate-interior angles.

o QU

or corresponding angles.
Alternate-exterior angles are equal. .
Alternate-interior angles are equal.
Exterior-interior (corresponding) angles are equal.

| THE TRIANGLE

The triangles are named, according to their sides, as isosceles,

l egullateral and scalen®: triangles and according to their angles as rlght-v
, angled and obllque-angled triangles, :

b - a a=b ‘ b a a=b=c
isosceles ‘ equilaterial triangle

In a gcalene triangle'all three sides are of different length.

A right angled trlangle is a triangle having one rlght angle.

' The side opposite the right angle is called hypotenuse.

The altitude of a triangle is the length of the line drawn =
perpendicular to the base (the side upon which the triangle is supposed to
stand) from the vertex of the angle opposzte to the base.

,,—altitude

An exterior angle of a trlangle 'is an angle formed by a s;de and
the prclongatmon of another side.
‘ c .

S is an exterior angle of

£\ - A

A B

In any triangle, an exterior angle is equal to the sum of the

' opposite-interior angles.

o ac |l BD ')
?b/ = ;//\. ~ (alternate interior);

/
o = & (exterlor-lnterlor)

..oc+// OC"/"/

and ¢, A and C, b and &, B and D are exterior=interior



£ :

C

( ]
j
7

; angles (1807).

In any triangle the sum of the interior angles equals two rlght

A B H D E
oL o= Ckil (alternate-interior)
_f? = /3 {! (alternate-interior)
o+ + Y - 180°
T X +/§ +7/ =-1800

 STMILAR TRIANGLES

Similar triangles are those that have their correSponding angles
equal and they have their sides about the equal angles, and consequently

' 'also those opp051te to the equal angles, proportional.

" AN ABC similar INDEC

% (same angle for both b

C’i exterlor—lnterlor angles

,’5

(1)AC.DC=AB:DE
AC A B
°r 5 ¢ = DE
(ii) B C AB :
» ¥C = D E etc.

A proportion is an equallty of ratios or of fractions. :Thus, the

" fractions Lt and _8 being equal, form a preportion.

5 10

In general, if a is equal to ¢, these two ratios or fractions form
: b 3 . T

. a proportiqn, which may be written in any of the following forms: fj

n%, a.t b=mo s dy ,a:b 13 cid

When wrltten in either of the last two forms, the proportlon is

. read "a is to b as ¢ is to d'".

The first and fourth terms of a proportion are, ‘called the extremes,.

 the second and ‘third, the means. Thus, in the proportlon ai:b=c: d,
" the extremes are & and d and the means are b and c.

- The product of the extremes is equal to the product of the means.

b =

a s c : d
"axd = Dbxc

a3,




The equation may be treated as any other algebraic eguation.

Both sidesof the equation mey be multiplied or divided by the same
quantity, or the same quantity may be added to, or subtracted from
both sides,

2 = &

b 4
Bca ;,30.9..
o T d
a - o}

% T %
a*3 - g *¥3
b q

b a

It is evident that if two fractions are equal, their reciprocals
are also equal, ‘

Ir & = 16 then A = 8
4 3 ; : 3 16

Teking the reciprocal of a fracticn is called i nverting‘the fraction,
The operauion of 1nverting is called inversion,

‘7HECREM OF P ”P!GORAS
“In any right angled triangle a squeare described on the hypotenuse i
equivalent to the sum of the squares described on the other two 'side

\
4
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Theorem:‘

In a right angled triangle the square on the perpendicular to'the
Hypotenuse equals the rectangle contained by the two parts of the hypotenuse

~ in which this is divided by the perpendicular.

h™ = ’E‘g

Theorem: . ' ~ ——— . — — € — —

In a right angled trlangle the square on one side equals the
rectangle contained by the proaectlon of that 51de on the hypotenuse and the

"~ hypotenuse.
2 BB
’ a,=pc : . - .
b:gc-u , ©
Theorem:

In any triangle the projectlon of oné side on the base équals the
square of that side plus the square on the base less the square on the
remalnlng side divided by twice the 1ength of the base. o

@ =12 sl o

2c
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i Prigonometrical Functions

™,
i

P

. i It was explained previously that the correspondlng sides of
P : equlangular triangles are proportional, ,

Consider the equiangular right angled triangles in the dlagram: A’
.A/

A1 B1 : A0 = AB : A0
A By o?s1 - AB : OB
ob, ' : ooal = 0B : oy
B, B

These ratios are functions of angle<5:be matter how far the
" foot of the perpendicular is from O the ratios remain constant. If CC
" should change then the ratio will change. By tabulating these ratios for
~ various angles we can determine the size of any acute angle provided the
- ratio is known, or determine the ratio if ‘the angle is known. These
ratlos provide the means to computlng unknown lengths or angles in t: trlangles.

o The names of these ratios are:

¢

) . opposite side e . |
The ratlo\ hypotenuse is called the "sine" of the angle‘conS}Qered
oo adjacent' side "n o ‘n o P I TR wo T
~ hypotenuse ‘ ’ gosine, ;
. . ] " : . . oo - . - - e
A o M?.l_i??. n " N nds noou oo n ]
i _ ; - adjacent side v ‘ tangent . L

‘ .~ These three are the most 1mportant. 'If they are invertedf'three
: other ratlos are obta1ned~ . : g

the "cosecant" or (Slne) .
the "secant" or (cos1ne)
the "cotangent" or (tangent)

y As 8 general rule these ratios which, as deflned only apply to V
“-right angled triangles, are written in the abbrev1ated form: sin, cos, tan,
‘cosec, sec and cot. B

© In the righéiéﬁgled triangle ABC: ?
O s adgltemied B 5o 2
| ten 4 3Slie e §=—%,’ w3 - 2




™y
¥ B
% v

r'dl

‘ tenu
coseC A = hypotenuse

- opposite

hypotenuse

adjacent

cot A géﬂﬁgg&ﬁ
. opposite

cosec B =

sec A sec B =

ol Tle plo
ol plo oo

cot B =

il
i

The angles A and B together add up to 90°; each being called:
the complement of the other; and it may be noticed that any -
ratio of one of the angles is equal to the co-ratio of its.
complenent.

Hence the syllable "co" in cosine, cosec and cotan, is
derived from the word "complement,"

Thus sine A
tan B
sec A

co-sine of its complement'B.
co~tan of its complement A.
co~-gec of its complement B.

nown

Descriptions of how to find the values of these functlons for

‘ 7any angle are given in the table books but is essentiagl to remember
:'especlally .when 1nterpolat1ng that as the angle increases:

the sine increases
the cosine decreases - '

~ the tangent increases
- the cotangent decreases

the secant increases
the cosecant; decreases

8in and cos are always less than 1

sec and cosec are always greater than 1

tan and cotan can be less than, equal to or
greater than 1. '

Angles greater than 90

The trlgonometrlcal functions listed in Chambers Tables are
listed against angular values of from 0-90 degrees. However, the case
where a function of an angle greater than 90 is required occurs as often
as for angles less than 90", Here is how the function is obtained: s

17"




Congider the circle divided into quadrants in the figure.
If the function of an anglg greeter than 90o has to be found that angle
has to be reduced to the 0°=180~ line as a firgt stgp. Thus an angle of
160° reduced to give an acutg angle with the 0°-180° 1ine is worth 20°.

'The 260° angle reduces to 80 . The 330~ angle reduces to %0. The Rule:

Subtract tha angle from 180° or4360° or _subtract._180° from the
angle to obtain an ACUIE ANGLE. The result gives the angular value to
be looked-up in the tables, howgver, a sign must be determined for the

“function. )

4C
31 |S,

2p 7

. : The easieét way of remembering this is to visualize the above
' figgre and recite the Sydney school boys mnemonic: .

A;i' { A ~ Stations A To " Central
A1l functions '-Miw.m; Sines Tangents Cosines
”183 Quagranﬁ o an’Quadragt 3rdunadrantb : 4th°Quadranto
0° - % | %0° - 180°  180° - 270 2707 - 360°
are POSITIVE o

Thus sin 120° is positive

cos ‘1202 is negative
sec’ 230o is negative
sec - 340o is positive
cotan ‘2450 is positive
cosec 320 is negative
cos 320° is Positive

Solution of Plane Right Angle Triangles

A trianglevhas six components = 3 sides and 3’angles.

+ 1L ++ 00+

If three of these components are known the other 3 can belﬁ

~ calculated. ' o . 8 U
| ‘Refer to the figure. | g
Example 1 c .
. g A b =392 &
To find £ A o« mofindg LB TTES
| L 5.071 g L 5,071 g
tan A = 502 .. cotan B = FHg 5
= 0.604266 2 = 0.604266 5

vA, = 310 08" 35" o :  | . = 58,0 51t 25

.18,

and the same applies to the inverses - the cotangents, secants and cbhegants. ‘

@'= 5 07Imebes
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® o
!

o olo

.. Check
sum  180° 00' 00"

- Example 25: ‘ : I c

= tan 31° 08' 35w

= b.tan 31° 08' 35w

A 51° 081 35u
- B 58° 511 25

¢ %0 00! OO* Note: Divide smaller distance by the larger.

a ="

N rl ‘@5“
 A'4”//////';3\03

b= éhigﬂf'nedﬁas C;?:

.Po find 'a? ; o0 To find 'c!

= sec 31°% 08! 35v

o olo
I

= Db.sec 310 08' 35

" Example 3

. | / » c
" To find 'b' - “ .- [To find 'a' 6 = 7.

]

= 5.071 metres S a0 = 9.805 metres 8

cos 31° 08' 35"

C.. COS 310 08! 35n

= sin 31° 08t 35m

P ol

= ¢ . sin 31° 08' 350

9.805 . 0.855879 o - = 9.80% .‘0.517176

= 8.392 metres " = 5.071 metres: AT

- Solution of Oblique Angle Triangles

fase 1

Known:=

‘Case 2

Known:=-

Case 3

Known ;-

‘Case 4

Knownse-

Two sides and angle opposite one of these sides

The angles and one side

—~

wo sides and the angle included between them

The three sides.
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Cases 1 and 2 can be solved by the Sine Rule. This rule gtates:
"he sides of any triangle are proportional to the sines of the anfles

o Egosite to them"

,C:
This rule can be eipressed in mathematical notation as: 't

‘"a:bse = sin A : sin B : sin C

or
2 5, e -
- sin A = snB T sinC
\ E or
sin A 8 sin B b . C
Bryonar-y v e - . 80 = g
,v31n B b szn c c L 5
Cgse 1: .
~ Two known sides and the angle.opposite one of the sides.~E;
C sina _  sin 70° |
5.000 6.000 | A
; . o .
gin A = S8 72 0305'000 =  0.95969% x
S '. 6.000
A = 51° 320 10 = 78300
B may then be deduced by subtractlng the sum of Aq',c from 180
- thus: :
angle A = 51o 32' 10"m
angle ¢ = 70 00’ OO‘
Sunm 5
| 121 32' 100
1802 00' 00"
A+C = 1217 32' 10v :
angle B 58° 27' sov - EREE ;??
Case 2: , |

" Once B is known b can be computed.

6.000

) : S
=, o . S
- sin ?8 27! 50". = oin 70° 00"
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‘ . 0 : s :
b o 64000 sin 38 222, = 6.000 sin 58° 27' 50" cosec 70° 00!

= 6,000 x0.852311 X 1.064 178
= 5.442 "

; The Ambiguous Cése

. than the other given side. ,

'Case 33

This oceurs when the side opposite the given angleyis legs

Two solutions are possible.

U., Then A can>be either acute or obtuse.
sin A ‘_ sin 502
6.000 = 5,000 ‘ . o
sin 50° . 6.000 - - .
5.000 : ‘

0.766044 x 6.000
5.000

&sin A =

= 0.919253

o= 6682490 or (180° 00t - 66 490) =11 110 o

Two sides and included angle -

B-A _b-a .
tan —-—42 2.0t c/2

= 7.896 - 5.917 - o em ?
789 + 5.917 ' ©°tC/2

= 1079 o so® ey mgw 1979 . .
(3.815 + 00839 BB 0N aFgs . 1.209 149

B-4A

=0373235 . E52 =2 9% 49t 4o

-C = 100° 49
= . = 150° 241 30

90 49!‘40n o -~

Sum B =  60° 14" 10"

 Difference A = 40° 540 son
C (given)s 79° 11% oo
Sum (check) 180° 00* 00"




o

The summation only checlks the final addition and subtracticn. Nevertheleoo
a hondy check against blunders at that stage of the ccuputation,

] Once the angles are known the missing side can be computed by the Sizne Ruls,
Moo Note that there are two ways of doing'thls in the computation. By maiing
this final calculation using bota methods, the whole computation zay
be checked. .

e = sin 79° 11%. 7.896 = zin 79° 11y . 5.917
oin 60° 40 qoM - sin 40° 341 50°
= 0,982 233 . 7.89% = 0,982 233 ., 5,917
0.868 079 - ' 0,650 517
= 8,934 = 8,934
gase fe

. (6-5765) |

D
ez 10175

Lot "a" be the greatest side and "t greater than e, then:=

b -DB = (b-¢c)(b+e)

a

O +DB = . & - o

CD - DB = (8,791 .= 6,854) (8,791 + 6.854) = 1,937 . 15.645 = 30.30%
o 10.175 | 10,175 10,75

CD = DB = 2,978 CD - DB = 2,978 Check. |

€D + DB =10.175  CD + DB =10.175 D = 6,5765
20D = sua =13.153 DB = 4iff= 7,197 DBy= 2.508

OD =heum = 6,5765 DB =ldiff= 35085  (o9m) @ F10.3750

» e we
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e  Angles B and C are now computed from the two right angled triangles
48D and ADC, as follows:-
cos B = 3__.__‘5_9_8j | cos C = 6.5765
6.854 ' | ‘ - 8,791
= 0,525 022 = 0.748 095
B = 58° 19% 507 . C = 412 3 308
Angle A is then found by deduction:=
B o= 58° 190 500 | | ~120° cO' e
C = 23°.3A 30 ‘minus B4C _99° 541 209
BYC = 99° 548 204 4 =3g0° o5t Ag¢
Check by Sine Rule:-
a .= : __,b = - o) .
sin 4 | - s8in B R gin C
10,175 = 8,791 = 6,854,
sin 807 05' 40 | ~ sin 587 19 Z0° sin 41 34% 30"
v 10,175 .= 8.791 = __ 6,85
{ 0.985 093 C.8571 091 0.563 €00
P 104329 = 10.329 = 104329
T
] ; "
o
% N ’
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