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Trigonometry

Theworksheetsavailableinthisunit DO NOT constitute acourse since no instructions or worked
examplesare offered, and there are far too many of them. They are offered herein the belief that the
teacher isthe one best placed to formul ate and provide the 'teaching element’, but that practice will be
needed in support.

So, here are many sheetswhich will providethat practice. A selection will haveto be madeto suit
the enviroment in which theteachingistaking place. Thebrief commentary givenwith theindex ismeant
only to provide guidance on what the sheets contain, it does not imply any particular ordering or structure
of acourse. Whether for normal practice, supplementary exercises, revision purposes or homework, it
should be possibleto find something suitable here.

Asarough guide, the contents are grouped under two main headings

» Basic Trigonometry dealsonly with right-angled triangles and the use of Pythagoras,
Tangentsand Sines.

* Further Trigonometry dealswith thegeneral triangle; Sineand Cosine Rules; Heron's
andthe’2absinC formulasfor area; Circumscribed, Inscribed and Escribed Circles;
anglesgreater than 90°.

General Notes

Itisassumed that al working isdone on acal culator which implies (for trigonometry) that it must
be of the 'scientific' variety. Some particul ar thoughtsto bear in mind about calculatorsare

First, isthe vexed business of how much working needsto be shown. In many elementary problems
it can all be done on the calculator so that only the answer appears on the paper. There are obvious
drawbacksto this- particularly in an examination - but it isdifficult to definetherulesastowhat isa
necessary minimum.

Second, isthat of “ degreeof accuracy”. A final valueto 3 significant figuresnearly alwaysfitsthe
bill, but many pupilshavedifficulty with thisidea. It isbetter |eft to theteacher to decide. Wherepossible
it should be 3 s.f., otherwise 1 or 2 decimal places are usually adequate, and perhaps angles could
alwaysbegivento 1 decimal place. A related difficulty iswhether crude truncation or correct rounding
issought. Again, itisup to theteacher. Probably the single most important idea concerning calculators
that all pupils should |eave school with, isthat thereisnothing intrinsically “ more accurate” inwriting
down every figureinacal culator display. Together with the continual thought that, just because anumber
appearson acalculator display it does not mean that it is necessarily correct!

Third iswhen, in solving more complex problems, it is necessary to work in stages, using the
information gained in one stage to work out something in the next stage, and so on. Thisnotionisnot
difficult to grasp. What isalittle more difficult to understand and handle, istheidea of “ cumulative
error”. Even if no mistake is made, we do introduce an error when we truncate the reading on the
calculator, especialy if correct rounding isnot being used. Thiserror isthen carried forward and used in
the next stage. Theonly (relatively) safe and reasonableway of dealing with thisisto say that, whatever
degree of accuracy we might requirein our final answer, then we should carry forward at |east 2 more
figuresin our intermediate stages. Since, in practice, the calculator isdoing al thearithmetic, itisusually
guitesimpleto carry al possiblefiguresforward just by leaving them on the display and working with
that. However, this does demand a degree of sophistication and organisation in cal culator usage that
many pupoilsfind difficult, especidly if it requiresthe use of the cal culator memory.
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Noteson Trigonometry
Some brief reminders.

Pupilsdo need to be familiar with two forms of notation for triangles.

» Thedescriptive AB, BC etcfor identifying edges, and [0 ABC for angles

* Theformulaic a, b, c for edgeswith A, B, C for angles.

Thefirst isnecessary to be ableto identify any triangle and its constituent parts no matter how
complex the diagram, while the second enablesthe relevant formul asto be stated in the most economical
way.

When dealing only with right-angled trianglesthereis no need to use cosines at all. Pythagoras,
tans and sines can cope with every situtation. So, in the interests of simplicity, cosines have not been
specifically mentioned herein the early work. Of coursethey can always be used if wished.

Before applying trigonometry to 'real’ problems, some thought must be given to the background
knowledge needed. The most commonly needed knowledge concerns angles of el evation and depression,
together with compass bearings and directions. Then thereisthe usual assumption that thegroundis
level and horizontal, and wallsand polesetc arevertical.

In problems, dimensions must always be bornein mind of course, and units must be consistent.
But the usual problems set for pupilsdo not haveinconsistenciesin them, and thereare none here. (Try
putting in a problem about finding the angle of descent of an aeroplane which loses 1000 metres of
height along aglide-path of 5 kilometres!) In the graphical work given here, unitsare not stated at all.

Keepinmindthereisan order of difficulty for pupilsworking with trig-ratios. Finding the size of
an angleisthe easiest. Finding an edge providestwo cases. With tans, for example, finding the 'opposite
(themultiplication case) iseasier than finding the 'adjacent’ (thedivision case). Far too many just go for
multiplication, whether it appropriate or not.

Abstracting the necessary right-trianglesfrom 3-dimensional situations providesdifficultiesfor
most pupils. Encourage the use of primitive constructions, like holding some pens and pencilstogether
at thetop to represent the edges of apyramid. Have some 'wire' models availableto view. Make up a
big model for demonstration purposes. Eight one-metre sticks and some lumps of plasticineenablea
pyramid to be assembled very quickly, and the various right-triangles can pointed out using more sticks
or some string. (Don't attempt cuboids, they are not rigid enough, and provide more amusement than
ingtruction!)

A Diversion
Do you usethe'meaningless string of letters

SOHCAHTOA
withitsattendant mnemonic

Should Old Harry Catch Any Herrings Trawling Off America

or some other sentence which you know?
Try getting pupilstoinvent their own mnemonic.
Having explained what isrequired, possibly by using an example, get
themto writetheir own beforethe next lesson. Then havethem read
their effortsout inturn. (There can be quitealot of merriment inthis.)
Als0, you can get themto ask their parentswhat mnemonics, if any, they
learnt at school, possibly in other subjects - the order of the planets
seemsto beafavouritefor this.
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The TEST Swhich arelisted, together with answersto all the problems, are not contained inthis
unit but are provided separately. Seethe note on Testsand Answer s about this.

Graphical meansthat the relevant triangleisdrawn with all information written against the
appropriate edges or angles, and a ? indicateswhat isto befound.

Problems means that the exercises are stated in words and related to a‘real’ problem. This
usually meanstherel evant triangle hasto be picked out from the given physical situation. A diagram
may, or may not, beincluded.

Basic Trigonometry

Graphical
Graphical
Graphical
Graphical
TEST

Checking to seeif triangleisright-angled or not.
Finding length of hypotenuse.

Finding length of edge other than hypotenuse.
Mixture of previous 3 sheets.

A & BbasedonT/4

(All the above have exact solutions)

Problems
Problems
TEST

Graphical
Graphical
Graphical
TEST

Problems

Graphical
Graphical
Graphical
Graphical
TEST

Problems

on 2-dimensional shapes

on 3-dimensional shapes

C & D based on ALL previouswork
unallocated

unallocated

Finding sizeof oneangle.

Finding length of oneedge.

Mixture of previous 2 sheets

E & Fbasedon T/13

Finding sizeof oneangle.

Finding length of edge other than hypotenuse.
Finding length of hypotenuse.

Mixture of previous 3 sheets

G & H basedon T/19



T/22 Tans & Sines Graphical Finding sizeof oneangle.

T/23 Tans & Sines Graphical Finding length of one edge.

T/24 Tans & Sines Graphical Mixture of previous 2 sheets

T/25 Tans & Sines TEST J& K based on T/24

T/26 Tans & Sines Graphical Compound shapes

T/27 Problems

T/28 Problems

T/29 unallocated

T/30 Tans & Sines TEST L & M based on ALL previouswork

Further Trigonometry
T/31 The General Angle
T/32 Area of Triangle ABC = %ab snC
T/33 Sinerule
T/34 Cosine rule

T/35 Heron's formula and circles

T/36 Problems
T/37 Problems
T/38 TEST N & Pparallel to T/37

Tests and Answers

Mathematicsisaparticularly difficult subject totest in the classroom and ensure that the minimum
of copying takesplace. At thislevel, with so muchworking ‘lost’ inthe calculator, it only needsa
quick look at somebody el se'sfiguresto render awhol e question usel ess - for assessment purposes.

Toovercomethis, asfar asispracticable, all testsare provided in sets of two parallel copies.
If these are dealt out properly, then no two adjacent pupilswill be working with the same set of
figures. Of course, the principles being tested arethe same, but it ismuch easier for an observer
to see when copying of that degreeisgoing on.

Itisclearly not desirablethat tests and answers should be openly available from the Internet.
For that reason, thefile containing thoseislocked and needs a password in order to be accessed.
Thefile can be downloaded by anyone, but it needs apassword in order to openit.

Therouteto that file starts at the bottom of thetr ol index page under

Index to Restricted Files

and details about obtai ning the necessary password can al so be found there.
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Trigonometry
Use Pythagoras theorem to decide whether each of thesetrianglesisright-angled or not.
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Trigonometry T/2

Use Pythagoras theoremto find thelength of the hypotenuse marked ? in each of theseright-angled triangles.
Drawings are NOT to scale.
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Trigonometry T/3
UsePythagoras theoremto find thelength of the edge marked ? in each of theseright-angled triangles.
Drawingsare NOT to scale.
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Trigonometry

T/4

Use Pythagoras theoremto find thelength of the edge marked ?, OR decide whether thetriangleisright-angled or not
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Trigonometry T/6

Pythagorean problemsin 2-dimensions.
Drawings are NOT to scale.

1. Findthelength of thediagonal of an oblong measuring5.7 cmby 17.6 cm.

—
2. A rectanglemeasures27 cm by 34 cm. What isthelength of itsdiagonal ? 7
—
—
3. Thediagonal of arectangleis6.7 cmlong, and one edge measures2.3cm. _
What isthe other edge-length of therectangle?
4. What isthelength of thediagona of asquarewhose edge-lengthis9.6 cm?
5. Findthelength of the edge of asquare whose diagonal measures 96 mm
6. Anisoscelestriangle hasbase edgeof length 70 mm.
Itsperpendicular heightis110 mm.
Calculatethelength of oneof itsother edges. \
|
7. Anisoscelestriangle hasabaselength of 13.8cm. |
Itsother edgelengthis21.4 cm. |
What isitsperpendicular height? |
8. Aladderis7 metreslong. Itleansagainst awall with thefoot
of theladder 2 metres out from the bottom of thewall. /
How far up thewall doestheladder reach? /
/
9. Inthepreviousquestion, if thefoot of theladder ismoved another /
2 metresaway fromthewall, by how much will thetop didedownthewall? — /|

10. A straightroad 8 mileslongrunsfromA toB.
Another straight road goesfrom B to C and is 3.5 mileslong.
Theangle between thesetwo roadsisaright angle.
Itisproposed to build anew straight road from A to C.
Wheat distancewould be saved onthejourney fromA to C?

11. A traditional 5-bar gateis 3.5 metreswide.
Thevertical distance between thehorizontal barsis 0.5 metres.
What isthelength of thediagonal strut?

12. A patternismadeby drawing alarge square, then marking the
middle-point of each edge and joining them to make another square.
Thisisrepeated on each squarein turn until they become so small
itisimpossibleto draw them.

In one casethe 1st square has an edge-length of 14 cm.

What isthe edge-length of the 2nd square?

Andthe3rd?

How many squares must be drawn until one hasan edgelessthan 2 cm?
By looking at the sequence of edge-lengths,

canyou seeasmplerelationship between them?

If s0, then usethat to determinethe size of the 10th squareto bedrawn.
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Trigonometry T/7

Pythagorean problemsin 3-dimensions.
Drawings are NOT to scale.

1. Findthelength of the space-diagonal of cuboid measuring 4 metresby 5 metresby 7 metres.

2. What isthegreatest length of athin rod, which must measure an exact number
of centimetres, and can fitted into acuboidal box measuring 14 cm by 8 cm by 5¢cm?

3. Thedrawingontheright representsawooden wedge. E

Face ABCD isinthehorizontd plane, face ADEFisin

theverticd plane. BCEF isthedoping face. F

BCis1l0cm; ABisl4cm; AFis4cm.

If aninsect set out to walk up thedoping face, starting

from C, it would find that the steepest dopewasaong A

theline CE; whiletheleast dopewasaongtheline CF. C

What isthedifferenceinlengths between thelines of

theleast and the steepest dopes?

4. Aright pyramid hasasguare basewith an edge-length
of 15cm, and aperpendicular height of 20 cm.
Cdculateitsdant height.

5. Whatistheperpendicular height of aright square-based
pyramid having abase-edge of length9.8cmand a
dant height of 13.6 cm?

6. A sguare-based pyramid hasabase-edge of length 53 mm
and adant height of 117 mm. base edge
Find thelength of oneitsslant edges.

7. Thegresat pyramid of Gizeh (built about 2500 BC) has asquare base which measures
226 metresa ong each edge, and aperpendicul ar height of 144 metres.
What isthelength of one of itsdant edges?

8. Thenet of apyramid can be cut from asquare pieceof card
asshowninthedrawing ontheright.
What size of squarewould be needed to cut out the net of
asquare-based pyramid having abase-edge of 10cmand
aperpendicular height of 15cm?
The necessary square can bemade smaller if the net isrotated
through 45° relativeto the square. What size of squarewould
be needed for the above pyramid in that case?

9. Thistablegivessomedetailsof 3different right-cones.
Calculatethe missing valuesshownas(a) (b) (c)

o
base perpendicular dant %
radius height haght g
Conel 5.4cm 7.3cm @ 2
-
Cone?2 2.1cm (b) 10.3cm |

base

Cone3 (©) 13.6cm 19.7cm radius
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Trigonometry T/11
Findthe size of theanglemarked ? in each of theseright-angled triangles.

Drawings are NOT to scale.
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Trigonometry T/12
Find thelength of the edge marked ? in each of theseright-angled triangles.

Drawingsare NOT to scale.
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Trigonometry T/13
Find thelength of theedge, or size of theangle, marked ? in each of theseright-angled triangles.
Drawingsare NOT to scale.
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10.

11.

12.

13.

Trigonometry
(Usingtangents)

. Susanisstanding on level ground 70 metres away

from atall tower. From her position, the angle of
elevation of thetop of thetower is38° What isthe
height of thetower?

. What would betheangleof eevation of thetop of a

church steeple, known to be 65 metrestall, toaperson
standing 135 metresaway fromit?

A flag-poleis12 metrestall. An observer looksup at
an angle of 25 degrees to see the top of the pole.
How far isthe observer from the foot of the flag-
pole?

An oblong measures 15cmby 8cm. Findtheangle
betweenitsdiagona and alonger edge.

A ladder leaning against awal | makesan angle of 63°
withleve ground. Thefoot of theladder is3 metres
away from thewall. How far up the wall doesthe
ladder reach?

A pyloncarrying eectricity cableshasaheight of 24
metres. Chris, who isstanding someway away from
it, measuresthe angle of elevation of thetop of the
pylonto be51.4° How far away fromthepylonis
hesanding?

A telegraph-polehasasinglewirestay fastened toits
top. Thestay isfixed intheground 3.7 metresfrom
thefoot of the poleand makesan angleof 72.5°with
theground. How tall isthetel egraph-pole?

A 45-metretall televison mastiskept upright by stay-
wireswhich are attached to itstop, and also fixed
intotheground 17.5 metresaway fromitsfoot. What
angle do thesewiresmakewith the gound?

A surveyor takesasighting of thetop of ahill which
sheknows, from the map, is460 metresaway from
her position. Fromthere, theangleof elevation of the
top of thehill is31.4° What isthe height of the hill?

Fromthetop of lighthousewhichis50 metresabove
sea-level, the angle of depression of a boat is
observedtobe 17.5° How far isthe boat from the
lighthouse?

A ladder leaning against awall, reachesto aheight of
12 metreswhenitisat an angle of 67.5 degreesto
theground. How far isthefoot of the ladder away
fromthewadl?

Thediagonal of an oblong makesan angle of 53.8°

withthe shorter edge, whichis18.3 centimetresiong.
What isthelength of thelonger edge?

An oblong has edges of length 6.78 cm and 4.35.
Find thesize of the smallest angleformed whereits
two diagonalscross.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

T/15

A man estimatesthat theangle of eevation of thetop
of atreeis 38 degrees. Hethen takes 53 pacesto get
to the tree. He reckons each pace to be about one
metre. What will hethen work out the height of the
treeto be?

Thetwo equal anglesof anisoscelestriangle (which
are on its base-edge) each measure 58.4°. The
perpendicular height of thetriangleis 16.3cm. What
isthelength of itsbase-edge?

75metresaway fromatall post, theangleof evation
of thetop of thepost is21.4°

(@) Find the height of the post.
Thereisaparticular mark onthe post whichisexactly
half way up. From that same observation point

(b) what istheangle of elevation of that mark?

Anupright stick, 1 metretall, castsashadow which
Is1.35metresiong.
(&) What istheadltitude of thesun?
(Thesun'saltitudeistheangle
it makes with the horizontal)
At the sametime, the shadow of abuildingisfound
tobe47 metreslong
(b) What isthe height of thebuilding?

From thetop of acliff, 56 metresabove sea-level,
two buoyscanbeseenwhichlieinagtraight linewith
theobserver. Theanglesof depression of thesebuoys
from the observer, are 28° and 41° respectively.
Cdl culate the distance between the two buoys.

Kim seesapylonwhoseangleof eevation of thetop
15299, and then walkstowardsit until that angleis
doubled. If the height of the pylonis27 metres, how
far didKimwalk?

A tower is 60 metres tall. It stands between two
observers, onlevel ground, and al three (observers
andtower) areinadraight line. Each of theobservers
measurestheangle of the elevation of thetop of the
tower. One seesit as23° whilethe other seesit as
54° How far arethetwo observers apart?

A man standing on the bank of a river notes a
particular tree on the opposite bank. Hethen walks
80 metresaongtheriver-bank inastraight line. On
looking back he can seethat the angle between the
line of hispath and alineto thetreeis 36°. How
wideistheriver?

A rhombushasdiagonalsof lengths6 cmand 9 cm.
Cdculatetheszesof itsinterior vertex angles

(The diagonals of a rhombus bisect each other
and cross at right angles.)



Trigonometry T/16

Find the size of theangle marked ?in each of theseright-angled triangles
Drawings are NOT to scale.

1
3 4
1
8
0.839
2 5 15 11
2
2 [
5 7
2
? 07
9 8
0.866 1 1.09
[ ]
(1 \
9 10 11 12 [T—>7
L
2
13 14 15 16
5.1
5 4.36
3.68
- 18.5
? 4.63
6.4 21.4
17 18 19 20

221 312

34.47 103

26.1 3

382
28.35

© Frank Tapson 2004 [trolPT:16]



Trigonometry
Find thelength of the edge marked ? in each of theseright-angled triangles.

T/17

Drawings are NOT to scale.
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Trigonometry T/18
Find thelength of the edge marked ? in each of theseright-angled triangles.

Drawings are NOT to scale.
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Trigonometry T/19
Find thelength of theedge, or size of theangle, marked ? in each of theseright-angled triangles.

Drawingsare NOT to scale.
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10.

12.

13.

Trigonometry

(Usngsines)

A ladder is8 metreslong. It isleaning against the
wall of ahouse and reaches 6 metres up thewall.
Calculatetheanglewhichtheladder must makewith
theleve ground.

A kite-dgring hasatotd length of 75 metres. Cdculate
the helght at which thekite must beflying whenthe
stringisfully out andismaking an angle 37 degrees
withtheleve ground.

Thelongest edge of an oblong measures8 cmandits
diagona is10cm. What istheangleformed between
thediagonal and thelongest edge?

A television mast is stayed by asinglewire cable
whichis60 metreslong. Thestay isfastened to the
top of themast and to theground. It makesan angle
of 58°with ground. Find the height of the mast.

A dipway for alifeboat is 50 metreslong and is
inclined at an angleof 35°to the horizontal .What is
the height of the floor of the boathouse above the
level of thesea?

The longest edge of a 30/60 set-square is 18 cm
long. Calculatethelength of itsshortest edge.

Theribbonsof amaypoleare 10 metresiong. During
the course of adancethe dancersaremovingina
circlearound the pole and about 3.5 metres away
fromit. What thenisthe angle between theribbons
andtheground?

M easured on amap, the distance between the tops
of two hillsis570 metres. Theangleof devationfrom
thetop of thesmdller of thetwo hills, to thethetop of
thetaller oneis27°. Thetopsof thesehillsareto be
joined by acable onwhich aski-lift will run. What
length of cablewill beneeded?

Anisoscelestriangle hastwo equal edgesof length
8 cm. Itstwo equal anglesmeasure 15.3°. What is
thelength of itsother edge?

Onesection of amountain-railway is550 metreslong.
Inthat lengthisrisesthrough avertical height of 140
metres. Calculate the overall average angle of
inclination of thetrack.

A 12 metreladder isleaning against awall. Thefoot
of theladder is 3.5 metresaway from the base of the
wall. What isthesize of theanglewhich ladder makes
withtheground?

Anisosceestriangle hastwo edgesof length 11 cm
andoneof length8cm. Findthesizesof al itsangles.

A drilling-platformfor anoil-rigismooredinthesea
at apoint whereitis130 metresdeep. Theaverage
angleof theanchor cablewith the horizontal is28°.
What length of cableisneeded?
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15.

16.

17.

18.

19.

20.
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22.

23.

24,

25.

T/21

A houseissitedjust 150 metresfrom astraight section
of road. Thepathtothehouseissraight, butisinclined
at an angle of 54 degreesto the road. What isthe
length of the path?

Thediagona of an oblongis15 cmlong and makes
an angle of 56°with one of itsedges. Calculatethe
sizeof theoblong.

A vertica tent-poleiskept upright by ropesof length
4 metrestied to thetop of the poleand to pegsinthe
ground. Theseropes make an angle of 43°with the
ground. What isthe height of thetent-pole?

A telegraph-poleis supported by astay-wirewhich
isfastened to apoint halfway up the pole. The stay-
wireis8 metreslong and makesan angle of 56°with
ground. Find the height of the pole.

A kite-string is48 metreslong. During one 'flight’,
when thewind strenghtened. the angle between the
kite-string and theground wasseento doubleinsize
from 27°to 54°. What wastheresulting increasein
theverticd height of thekite abovethe ground?

A rhombushasedge-lengthsof 7 cm. Itsacuteinterior
vertex anglesare both 70°. Calcul ate the lengths of
both of itsdiagonals.

(The diagonals of a rhombus bisect each other
and cross at right angles.)

A rod 1 metrelongishangingonawal. If thebottom
end of therod ispulled out 20 centimetresfrom the
wall, what anglewill therod makewith thewall?

An 8 metreladder |eaning against awall makesan
angleof 63°with theground. How far isthefoot of
theladder away from thewal |?

A parallelogram hasedge-lengthsof 5cmand 9cm
respectively, and an angle of 58° between them.
Cdculatethe perpendicular distance betweenthetwo
longer edges.

A pair of railway-linesare 143.5 cm apart. On one
particular curved section the 'banking' isformed by
raisngtheouter rail 8 cm abovetheleve of theinner
rail. When atrainisbeing driven around thiscurve,
by how much doesit lean out of thevertical ?

Thelegsof acameratripod are each 130 cmlong.
Thetripodisset up onapieceof level ground sothat
eachleg makesan angleof 70°with thegound. What
isthevertica height of thetop of thetripod abovethe
ground?

A path going up acliff-face from the bottomto the
topis700 metreslong. Itsoverdl averageinclination
tothehorizontal is15°. What istheheight of thecliff-
face?



Trigonometry T/22
Find thesize of theangle marked ? in each of theseright-angled triangles
Drawings are NOT to scale.

3
23
;
?
21
4 12.4 6
5 43.8
10.1
3.7 56.2
16.5 )
2
?
7 8 9
51.8

15

2315

10 12
?

258
18.06
12.46

266

86.8
6.084 &
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Trigonometry T/23
Find thelength of the edge marked ? in each of theseright-angled triangles.

Drawings are NOT to scale.
1 2 3
12 " . ’ “
e M Lo
] 530 2
4 ? 5 6

17.8

4.4

31.6

47.81
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Trigonometry T/24
Find thelength of theedge, or size of theangle, marked ? ineach of theseright-angled triangles.
Drawings are NOT to scale.

2 3 4 18
, 23 2
32
400
] 45
[ [
?
15.3
S
5 A% 6 7
21.8

5]

-\

o

? 6.19 ?
5 27.4
[ 1\
10
24.6
45.8

13
11.5

151

18

‘ 306
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Trigonometry
Find length of edge (or size of angle) marked x in each of these diagrams. DrawingsareNOT to scale.
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Trigonometry T/27
Drawings on this sheet are NOT to scale.
1. Inthedrawingontheright ABCD isasquare. A
AP=5cm QC=7cm PB=12cm
Cdculate
(8 thesizeof theanglemarked x
(b) thelengthof AB P
(c) thelengthof DQ
(d) thelengthof PD
(e) thesizeof 0 BQD D Q
B
2. Inthedrawing ontheleft CDEF isasguare.
EF=47cm [OBCF=36° [0BAE=28°
F C Calculatethelengthsof
(@ BF
(b) AB
A E D (c) AD
3. KLMNisatrapeziumwith LM paralel toKN.
LM =84cm KN =19.6 cm L
KL =10.7 cm OLKN = 58°
Cdculae |
(& theperpendicular distance betweentheparallel edges |
(b) theareaof thetrapezium K | N
(c) theperimeter of thetrapezium.
4. B C ABCD isapardlelogram
AB=38cm BC=79cm [ BAD=48°
Cdculae
(&) theareaof theparalelogram
A D (b) thelength of thelonger diagona AC.
5. Inthetriangle PQR, Sisthefoot of the perpendicular from Q to PR.
QS=75cm OQPR=75° [0 QRP=40° P
Cdculate \
(@) thelengthof SR |
(b) thelengthof PS |
(o) thelengthof QR
(d) theperimeter of triangle PQR |
(e) theareaof triangle PQR. |
P S R
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Trigonometry T/28
Drawings on this sheet are NOT to scale.
Thedrawing ontheright representsacuboidal shape made A
of wirewithitsverticesidentified asABCDEFGH.
Sizesare: AD=15cm AE=10cm CD=25cm G
Cdculae
(@ OGDC
(b) O EDA E
(c) OEFH C
(d) lengthof facediagona DG
(e) length of facediagonal BD A

(f) length of spacediagonal DF

(g) OFDG
(n) OFDB

2. A cubehasanedge-length of 10 cm.
Calculatethe angle betweenits space diagonal, and one of itsfacediagonals.

4. Thedrawingontheright showsatelevisonmast OT
which has4 stay-wiresfastened toitstop (at T)

E

andtotheground at pointsA, B, Cand D.

ABCD formasquareand point O isitscentre.

AD =32 metres
Theangleof elevationof T from A is57°
Cdculate (a) distanceAO

© Frank Tapson 2004 [trolPT:26]

(b) height of themast OT
() length of one stay-wire

D

Thedrawing ontheleft showsawedge ABCDEF
Faces ABCD and BEFC are both rectanglesand
areat right anglesto each other.
AB=20cm AD=10cm OFDC=18°
Cdculae

(@ theheight CF

(b) thelengthof edge DF

(co OCAD

(d) thelengthof diagonal AF

(e OFAC

T

(d) angleof elevation of thetop of the mast fromapoint E which midway between C and D.

base edge

A right square-based pyramid has abase-edge of
length 17 cm and aperpendicular height of 28 cm.
Cdculate
(&) thelengthof adant edge
(b) itsdant height
(c) theanglebetween adant edgeand the base
(d) theareaof onetriangular face



Trigonometry
(Thegenerd anglefor sinesand cosines)

ANVANNANYA WY

The sine curve .

~630 54@60 270 18K/| 90 18Kﬂ0/260 450 54@720

The cosine curve/\ /\ /h /\ /
-720 63@450 360 27(!._80/90 l 90\/70 360 45@630

IfsneA= sineX then A°=180n+ ("1)"X°
If cosneA = cosneX then A°=360n+ X°

1. Givethesinevauesof each of theseangles
60° 120° 420° 480° 780°
then writedown the next two anglesin the sequence.

2. Givethecosinevaluesof each of theseangles
500 310° 410° 670° 770°
then writedown the next two anglesin the sequence.

3. Givethesinevauesof each of theseangles
30° 150° 210° 330° 390° 510° 570°
then writedown the next two anglesin the sequence.

4. Givethecosinevauesof each of theseangles
70° 110° 250° 290° 430° 470° 610°
then writedown the next two anglesin the sequence.

5. Givethethreesmallest possiblepositive angleshaving thesesinevalues
1 (i) 0.734 (iii) ~0.212

6. Givethethreesmallest possiblepositive angleshaving these cosinevalues
1 (i) 0.406 (iii) "0.653

7. Givethefirs threeangleslessthan zeroto havethesesinevalues
(o (i) 0.318 (iii) ~0.741

8. Givethefirst threeangleslessthan zeroto havethese cosinevalues
(OO (i) 0.647 (ii) 0.358

9. Edtimatethesmallest positiveanglewhosesineand cosinevaluesareequal.
10. Usingtheestimatemadeinthepreviousquestion, list four positive and four negative
angleswhose

(i) pogtivevaues (i) negativevaues
of thesineand cosinevaluesfor thoseanglesareequal.
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Trigonometry T/32
Theareaof any triangleisgiven by one-haf the product B
of two adjacent edges and the angle between them. c a
Areaof TriangleABC =  absinC A . C
1. Findtheareaof triangleABCwhen a==8.4cm b=3.7cm C=44°
2. Findtheareaof triangleABCwhen b=5.9cm C=7.2cm A =520
3. Findtheareaof triangleABCwhen AB=6.7cm AC=9.3cm 0 BAC=55°
4. Findtheareaof triangleABCwhen BC=3.1cm  AC=5.4cm 0 ACB =37°
5. Findtheareaof tiangleABCwhen AB=145cm BC=9.6cm OACB= 81° [1ABC=58°
6. Findtheareaof triangleABCwhen a=2.8cm C=4.1cm A =40° B=31°
/. FindtheareaoftriangleXYZwhen XY =43cm XZ=3.2cm OYXZ=55° [OYZX=78°
8. Findtheareaof triangleXYZwhen Yy=8.8cm X=5.7cm Z=214° X =30.1°
9. Findtheareaof trianglePQRwhen QR=124cm PR=17.6cm O QPR = 44.7° [0 PRQ =49.2°
10. Findtheareaof triangleLMNwhen LN=121cm MN=10.6cm 0OLMN=67.5° [0 LNM =58.5°

11. Atriangleof area21.4 cm? hastwo edges measuring 9.8 and 5.9 cm respectively.
Find the angle between those two edges.

12. AtriangleABChasanareaof 17.3cm? AB=6.3cmand [0 BAC =31.4°.
What isthelength of theedge AC?

13. Atriangle ABC hastwo edgesmeasuring 4.5 and 7.8 cm respectively.
What isthe greatest areathistriangle can have?
What angle between thetwo edges givesthisgreatest area?

14. A paralelogram PQRShas PQ = 11.4cm, PS=15.7 cmand O QPS=53°,
Find the area of the complete parallelogram.

15. Arhombushasanedgelengthsof 2.75cm and aninterior vertex angle of 65°.
What isitsarea?

16. A rhombushasanareaof 36 cm? and edgesof length 6.7 cm.
Givetheszesof itsinterior vertex angles.

17. A paralelogramhasanareaof 63 cm?.
Oneof itsedge-lengthsis 7.2 cm, and oneinterior vertex angleis 54°.
What isitsother edge-length?

18. Twotriangleshavethesamearea.
Onehasedgesof 4.7 and 6.8 cm with an included angle of 49°.
Theother hastwo edgesmeasuring 7.3 and 3.9 cm respectively.
Calculatethesize of oneof theinterior vertex anglesof the second triangle.
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Trigonometry 5
TheSineRule
Inany trianglethelength of any edgeis C a
proportional tothe sineof the oppositeangle. a _ b ¢
sneA = sneB = dneC A b
1. GiventriangleABChas C=67° B =42° c=5.3cm findb
2. IntriangleABC A =56° C=73° a=11lcm findB, b, c
3. GiventriangleABChas [ BAC=36° AC=43cm BC=6.7cm find 0O ABC
4. TriangleXYZhas OYXZ=28° [0OYZX=73° YZ=93cm find XY
5. TrianglePQRhas P=41° p=7.89cm r=10.1cm findQ
6. TriangleLMN has OLMN=56° [OLNM=58 ML=14.8cm findMN
7. InthetriangleABC a=7.4cm b=89cm A =47° Calculate C.

Given the sizes of A, a,andC if

10.

11.

12.

13.

Use a, band Ctofind theareaof thetriangle.
Triangle ABC hasAC=3.24cm, AB=5.53cmand 0 ABC=32° Finditsarea.
TriangleXYZ has XYZ=71°0 YXZ=33°YZ=15.8cm. Finditsarea.

A quadrilateral ABCD hasthesedimensions
AB=4.1cm BC=5.2cm BD =3.75cm
Findthesizesof (i) 0 BDA @iy O BDC

[0 BAD = 45°
(ili) 0 ADC

0 BCD = 35°
(iv) 0 ABC

/ \ Inthediagram, A and C represent the positions of two boats.

Calculate how far each hasto go.
300 metres

Anisoscelestriangle hastwo equal anglesof 72° and two equal edgesof 6.7 cm.

Find thelength of thethird edge. 0

Thediagram ontheright istheplan view of afield.

A survey hasproduced thefollowing measurements

PQ = 650 metres OQPR=83° [0 QPS=127°
O PQR = 56° [0 PRS = 65°
Caculatetheareaof thefield.

a<csneA
a=csneA
a>c

no triangle is possible
the triangle is right-angled at C
only one triangle is possible

otherwise, two triangles are possible fitting the data given. (This is known as ‘the ambiguous case’.)
Investigate each of the following sets of data and say how many triangles are possible in each case.

14.
15.
16.
17.
18.
19.

They are 300 metres apart and both areracing to reach the buoy at B.

A=40° a=6.1cm c=6cm 20. A =60° a=5.08cm c¢=35cm
A=70° a=525cm c=54cm 21. A=326° a=516cm c=7.24cm
A=45° a=154cm ¢=10.6cm 22. A=26.9° a=130cm c¢=19.2cm
A=30° a=45cm c=9cm 23. A=43.7° a=21.3cm c=18.6cm
A=20° a=6.79cm c=8cm 24. A=541° a=395cm c=44.7cm
A=50° a=309cm c=4cm 25. A=618° a=426cm ¢=30.5cm
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14.

15.
16.

17.

18.

19.

20.
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Trigonometry T/34
B
TheCosineRule: a2 =b?+c2—-2bccosA
C a
or COSA = % c
b
Gven b=2cm c=3cm A =60° finda
Gven a=4cm b=6cm C=35° findc
Gven b=7cm c=9cm A =50° finda
Gven a=5cm c=8cm B =40° findb
Gven a=6cm b=7cm c=8cm findA
Gven a=3cm b=5cm c=7cm findB
Gven a=4cm b=2cm c=3cm findC
Gven a=12cm b=5cm C=90° findc
Gven b=35cm C=4.7cm A =130° finda
Gven a=7.8cm c=5.3cm B = 146° findb
Gven a=10.2cm b=6.4cm c=55cm findA
Gven a=7.4cm b=9.6cm c=16.2cm findC
Gven a=8cm b=10cm c=6cm findthesizeof the
smallest angle
Gven a=4.8cm b=71cm c=5.5cm findthesizeof the
largest angle
Gven a=85cm b=13.2cm c=14.8cm findthesizesof dl 3angles
Gven a=17.1cm b=28.6cm c=15.3cm findthesizesof dl 3angles

Thegoal-postsinfootball are 7.32 metresapart. A ball isplaced ontheground
8 metresfrom one goal-post and 6 metresfrom the other. Within what angle must
theball bekicked aong thegroundin order to score?

Two peoplestart walking from the same place at the sametime.

They arewalking onlevel ground. Onewalksat 4 kilometres an hour going due North,
and the other walks at aspeed of 3.5 kilometresan hour going North-east.
After 3hours, how far apart will they be?

The principd 'legs of astep-ladder areusudly of two different lengths. In onecase,
thefront leg (with the stepsinit) is2.8 metreslong and the back (supporting) legis
2.5 metreslong. Whenin theworking position, the angle between thelegsis40 degrees.
What isthe distance apart of thetwo legson thefloor?

A rhombushasall itsedges 12.7 cmlong. Itsacuteangleis 64°.

Findthelength of itsshorter diagona



Trigonometry T/35
a, b, c arelengthsof threeedgesof triangle ABC Circumscribed circle
s islength of semi-perimeter or Circumcircle
g - at b+c abc
- 2 Radius R = 75A
Heron'sor Hero'sformula o R= —2
for finding theareaof atriangle 2sneA
Area= V s(s—a)(s—b)(s—c)
) ) Escribed circle _
Inscribed circle Only 1 (of 3 possible) isshown
orlncircle drawn on edgea
a
. _ Area
radius r = A%a radiusr, = s—3 — —
1. Gven a=5cm b=7cm c=8cm find Areaand R
2. Gven a=7cm b=9cm c=12cm find Areaandr
3. Gven a=3cm b=6cm c=6cm findAreaandra
4. Given a=5cm b=5cm c=5cm find R
5. Gven a=94cm b=94cm c=9.4cm find r
6. Gven a=8.1cm b=6.2cm c=8.1cm findAreaandrC
7. Gven a=10.3cm b=95cm C=14.9cm find 1,
8. Gven a=114cm b=132cm c=9.7cm find r_
9. Gven a=57.3cm b=426cm c=782cm find R
10. Gven a=832cm b=715cm C=93.6cm find R
11. Findtheareaof anequilateral trianglewith an edge-length of 8.37 cm

12. Anisosceestriangle hasedge-lengthsof 5.67 and 12.2 cm. What isitsarea?

13. Atrianglehasedgesmeasuring4.27 6.08 and 9.25cm.
Givethediameter of thelargest circlethat can befittedinsidethistriangle.

14. A rhombushasan edge-length of 6 cmanditsshorter diagonal measures3.8cm.

Finditsarea.

15. Afiddisintheshapeof aquadrilatera. Identifyingitsfour verticesasABCD gives

AB =127 metres
AD =94 metres

Cdculateitsarea
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BC =206 metres CD =332 metres

BD = 183 metres



Trigonometry T/36

1. IntriangleABC AB=7.2cm BC=9.6cm [OABC=125°
Finditsarea

2. IntriangleXYZ y=47cm x=83cm X =140° FindY

3. Atrianglehasedgesmeasuring 3.6, 5.2 and 7.8cm.
Findthesizeof itsgreatest angle.

4. Findtheareaof atriangle having two edgesof 1.8 and 3.4 cm, whentheangle
between thosetwo edgesis
(i) 20° (i) 160°

5. Triangle ABC has O ABC=115° AC=7.63cm BC=3.8cm. Find JACB

6. Triangle XYZ has 0 XYZ=105° XY =17.3cm YZ=26.4cm.
Findthelength of XZ

7. Atriangular field hashedge-lengthsof 48, 55 and 87 metres.
Find the size of thelargest angle between two of the hedges.
What istheareaof thefield?

8. A rhombushasan edge-length of 3.5 cmand an obtuseinterior vertex angleof 105°.
Finditsarea

9. A paaleogramhasaedgesof 6.3 and 5.7 cm. Itsareais27.4 cm?
What istheszeof itsobtuseinterior vertex angle?

10. Atriangle LMN has LM =6.3cm LN=58cm OLMN=232°
Calculatethetwo possiblesizesof [1LNM

11. Thegod-postsin Association Fooball are 7.3 metres apart.
A player situated 5 metresfrom one goa-post and 6 metresfrom the other
isabout tokick theball at thegoal.
Cdculatethe size of theanglewithinwhichtheball must bekicked if agoal isto be scored.

12. Twoshipsleavethesameharbour at thesametime.
One steamsdue North for 130 miles, the other on acourse of 140°for adistance of 170 miles.
How far apart arethetwo shipsafter this?

13. Two aeroplanes|eave simultaneoudy from the sameairport. Oneflies due East at aspeed
of 150 kilometresan hour; the other on acourse of 250°at 170 kilometresan hour.
Cdculate how far apart thetwo planesare, 2 hoursafter leaving theairport.

14. A shipleavesport at noon on acourseof 070° at aspeed of 20 knots.
A second ship leavesthe sameport at 13.30 moving at aspeed of 30 knotsand
heading inthedirection of 310°
What distance apart will thetwo shipsbeat 16.15?
(A knot is a speed of 1 nautical mile per hour.)
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10.

11.

12.

13.

14.

Trigonometry T/37

For atrianglewhich hasedgesof 5.2cm, 3.9cm and 6.1cm, calculate
thesizeof of thelargest angle.

Triangle ABC has AB=8.3cm, BC=7.8cm and [J ABC =56°.
Findthelengthof AC.

Intriangle LMN, L=42°, m=43cm and | =54cm. Find M.
Find theareaof triangle ABC whichhas AB=12cm, BC=14cm and [0 ABC=36°

Inthetriangle POQR, PQ=39cm, QR=5.1cm and 0O PQR =131°.
Calculatethelength of PR.

For each of these, givethethr ee smallest possible positive angleshaving thesesinevalues

(i) 0.150 (i) 0.964 (iii) ~0.708
For each of these, givethethr ee smallest possible positive angles having these cosinevalues
(i) 0.257 (i) 0.693 (iii) ~0.861
Giventhevauesof thefollowing
(i) sine130° (i) sine179° (iii) Sne-265°
(iv) cosine150° (v) cosine108° (vi) cosine ~283°

Find theareaof atriangle whose edgesare 10, 12 and 18 cm.

Triangle XYZ has XY =18cm, YZ=12.1cm and 0 YXZ=33°
Cdculatethetwo possibilitiesfor thesizeof [1YZX.

Inthetriangle LMN, caculatethesizeof M giventhat
[=3.7cm, m=4.6cm and n=2.3cm.

Two peoplestart wal king from the same place. Onewal ks due South at 5 kilometresan hour,
and the other walks South-west at 4 kilometresan hour.
What isthe distance between them after 5 hours have el apsed?

A regular pentagon hasacircumscribed circle of radius4.9 cm.
Find the areaof the pentagon.

A regular decagon hasaninscribed circleof radius7.3cm.
Calculatethe perimeter of thedecagon
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