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Basic	Trigonometry	

	

Trigonometry	deals	with	the	relations	between	the	sides	and	angles	of	triangles.	

	A	triangle	has	three	sides	and	three	angles.	Depending	on	the	size	of	the	angles,	triangles	can	
be:	

	-	right-angled:	one	of	the	angles	is	90o.	

	-	acute:	all	angles	are	less	than	90o.	

	-obtuse:	one	of	the	angles	is	more	than	90o.	

	Depending	on	the	relations	between	the	sides,	triangles	can	be	classified	as:	

	-	equilateral:	all	sides	are	equal;	

	-	isosceles:	two	of	the	three	sides	are	equal;	

	-	scalene:	the	sides	have	different,	random	lengths.	
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	Any	triangle	has	a	series	of	properties:	

	-	the	sum	of	the	three	angles	is	always	180o.	(A	+	B	+	C	=	180o)	

	-	the	perimeter	(P)	of	a	triangle	is	the	sum	of	the	three	sides.	(P	=	a	+	b	+	c)	

	-	the	area	(A)	is	half	the	product	of	a	side	(s)	and	its	respective	altitude	(h).	

A	=	s	*	h	/	2	

	-	 if	 we	 know	 the	 sides	 but	 cannot	 determine	 any	 altitude,	 we	 can	 use	
Heron's	 formula	to	calculate	the	area.	This	 formula	makes	use	of	the	sides	
lengths	and	the	semi-perimeter	(S)	of	the	triangle.	

	Heron's	formula:	

A	=	 𝑆 ∗  𝑆 − 𝑎 ∗ 𝑆 − 𝑏 ∗ (𝑆 − 𝑐)	

S	=	P	/	2	

Example:	

The	sides	of	a	triangle	measure	5,	29	and	30	meters	respectively.	Calculate	its	area.	

First,	we	calculate	the	semiperimeter:	

S	=	(5	+	29	+	30)	/	2	

S	=	64	/	2	

S	=	32	

Then,	we	put	the	numbers	into	Heron’s	formula:	

A	=	 32 ∗  32− 5 ∗ 32− 29 ∗ (32− 30)	

A	=	 32 ∗ 27 ∗ 3 ∗ 2	

A	=	 5184	

A	=	72	m	
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	Special	triangles	have	special	properties	that	can	help	us	calculate	more	easily:	

	The	isosceles	triangle:	

• The	angles	opposite	the	equal	sides	are,	in	turn,	equal.	
• Any	altitude	is	also	a	median,	an	angle	bisector	and	a	perpendicular	bisector.	

	The	equilateral	triangle:	

• All	sides	are	equal,	all	angles	are	60o.	
• The	area	of	an	equilateral	triangle	can	be	determined	without	calculating	any	altitude	

first.	The	formula	we	need	only	uses	the	length	of	the	side	(s):	
A	=	s2	*	 3	/	4	

Example:	

Calculate	the	area	of	an	equilateral	triangle,	knowing	that	its	side	is	6	cm.	

We	simply	need	to	put	the	length	of	the	side	in	the	equation:	

A	=	62	*	 3	/	4	

A	=	36	 3	/	4	

A	=	9 3	cm2	

(See	the	algebra	lesson	on	reducing	this	equation	if	you’re	not	sure	how	that	worked)	
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	The	right-angled	triangle:	

• In	 a	 right-angled	 triangle,	 the	 sides	 which	 form	 the	 90	 degrees	
angle	are	called	legs	or	catheti	(	sg:	cathetus).	The	side	opposite	the	
right	angle	is	called	the	hypotenuse.	

• The	 most	 famous	 calculation	 generally	 done	 in	 a	 right-angled	
triangle	 involves	 the	 determination	 of	 a	 side	 using	 Pythagoras’s	
theorem.	This	states	that	the	square	hypotenuse	equals	the	sum	of	
the	squared	catheti:	
𝑎! + 𝑏! = 𝑐!	

Example:		

In	a	right-angled	triangle,	the	legs	are	5,	respectively	12	cm	long.	Calculate	the	hypotenuse.	

Let	x	be	the	hypotenuse.	Using	Pythagoras’s	theorem,	we	know	that	

x2	=	52	+	122	

x2	=	25	+	144	

x2	=	169	

x	=	 169	

x	=	+/-	13	

Because	x	represents	length,	it	cannot	be	a	negative	number,	so	we	always	choose	the	positive	
one.	Therefore,	the	hypotenuse	is	13	cm.		

	
• The	lengths	of	the	sides	are	always	positive	numbers,	but	they	are	not	always	natural.	

The	numbers	can	also	be	fractional	or	even	irrational.	There	are,	however,	several	sets	
of	 natural	 numbers	 that	 fit	 into	 Pythagoras’s	 theorem.	 These	 are	 called	 Pythagorean	
Triples.	Some	examples	are:	(3,	4,	5),	(5,	12,	13),	(8,	15,	17),	(7,	24,	25)	etc.,	and	their	
multiples.	For	example,	since	(3,	4,	5)	is	a	Pythagorean	triple,	then	(6,	8,	10)	or	(9,	12,	
15)	will	also	fit	into	the	Pythagoras’s	formula.	

• Because	a	 leg	 in	a	right-angled	triangle	 is	 the	altitude	corresponding	to	the	other	 leg,	
the	 formula	 for	 calculating	 the	area	 can	be	 translated	as	half	 the	product	of	 the	 two	
catheti.	
A	=	a	*	b	/	2	
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Example:	
In	a	right-angled	triangle,	the	catheti	are	6,	respectively	8	cm.	Calculate	the	area	of	the	
triangle.	
	
One	way	to	go	would	be	to	calculate	the	hypotenuse	(which	would	be	10,	since	(6,	8,	10)	
form	 a	 Pythagorean	 triple,	 as	 discussed	 above),	 then	 try	 to	 determine	 the	 altitude	
corresponding	to	the	hypotenuse.	This	would	be	quite	complicated.	
	
A	simple	way	would	be	to	take	one	cathetus	as	a	base,	and	the	other	cathetus	as	the	
corresponding	altitude.	
	
Therefore,	the	area	will	be	
A	=	6	*	8	/	2	
A	=	48	/	2	
A	=	24	cm2	

	

	

	

	

	There	are	two	special	types	of	right-angled	triangles:	

	-	 the	 isosceles	 right	 triangle,	 in	which	 the	 legs	are	equal.	 In	 this	 type	of	
triangles,	the	ratio	of	the	three	sides	is	1:1: 2.	

	

	

	

	-	the	30o-60o-90o	triangle.	The	three	numbers	represent	the	angles.	In	
such	triangles,	the	ratio	of	the	sides	is	1:2: 3.	

	Another	 way	 to	 determine	 the	 ratio	 is	 to	 remember	 that	 the	 leg	
opposite	 the	 30o	 angle	 is	 half	 the	 hypotenuse.	 Using	 Pythagoras's	
theorem,	one	can	easily	calculate	the	remaining	side.	
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Advanced	Trigonometry	

The	following	two	sections	are	unlikely	to	be	required	in	your	testing,	however,	if	you	want	to	
take	your	skills	to	a	higher	level,	continue	reading!	

Midsegments	

Any	triangle	has	three	midsegments	–	i.e.,	three	segments	that	unite	the	
middle	points	of	each	pair	of	sides	of	the	triangle.	

In	 the	 triangle	on	 the	 right,	 the	midsegments	are	 segments	XY,	YZ	and	
XZ,	because	X	is	the	middle	of	AB	(AX	=	XB),	Y	is	the	middle	of	BC	(BY	=	
YC)	and	Z	is	the	middle	of	AC	(AZ	=	ZC).	

Each	midsegment	is	parallel	to	the	side	it	does	not	intersect,	and	is	also	
half	of	that	side.	So,	

XY	/	AC	=	XZ	/	BC	=	YZ	/	AB	=	1/2	

All	the	triangles	that	the	midsegments	form	inside	the	original	triangle	are	identical	(the	sides	
have	the	same	sizes,	the	angles	have	the	same	measures).	

Trapeziums	also	have	midsegments.	In	the	trapezium	on	the	right,	
the	midsegment	is	MN.	M	is	the	middle	of	AD	(AM	=	MD),	while	N	
is	the	middle	of	BC	(BN	=	NC).	

In	trapeziums,	the	midsegment	is	the	arithmetic	mean	of	the	two	
parallel	sides.	Therefore,	

MN	=	(AB	+	CD)	/	2	

	

The	Intercept	Theorem	

As	we	have	seen,	the	midsegment	divides	the	sides	in	segments	with	ratios	of	1/2.	If	we	draw	
another	parallel,	that	 intersects	the	sides	at	other	points	than	the	middle,	then	the	ratios	will	
change,	but	the	segments	will	still	be	directly	proportional.	

In	 the	 triangle	 on	 the	 right,	 XY	 is	 parallel	 to	 BC,	 but	 XY	 is	 not	 a	
midsegment.	Therefore,	according	to	the	Intercept	Theorem,		

AX	/	AB	=	AY	/	AC	=	XY	/	BC	
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Also,	the	segments	are	directly	proportional	between	themselves.	

AX	/	XB	=	AY	/	YC	

We	can	use	this	theorem	when	we	have	a	parallel	line	inside	a	triangle,	in	order	to	determine	
the	length	of	the	sides	or	the	segments.	

Example:	

Let	us	consider	that	AY	/	AC	is	5/8	and	AX	is	10.	Calculate	AB.	

According	to	the	Intercept	theorem,	AX	/	AB	=	AY	/	AC.	If	the	ratio	is	5/8,	then	

AX	/	AB	=	5/8	

AX	=	10,	so	

10	/	AB	=	5/8	

AB	=	10	*	8	/	5	

AB	=	16	


